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Introduction: Medications 
Development for the Treatment 
of Pregnant Addicts and 
Their Infants 

C. Nora Chiang and Loretta P. Finnegan 


A technical review entitled Medications Development for the Treatment 
of Pregnant Addicts and Infants was held on August 26 and 27, 1993, at 
the Pooks Hill Marriott in Bethesda, MD. The purpose of this meeting 
was to review the current strategy for the treatment of pregnant drug- 
dependent women and their infants, to assess the needs for new 
phamiacotherapies, and to discuss issues related to the development of 
new pharmacotherapies, with special emphasis on approaches and 
methodologies for the design and development of medications with 
minimal risks to the fetus. 

It is the consensus that new and improved medications for the treatment 
of pregnant drug-dependent women are critically needed. Although 
methadone has been used for treating opioid addicts since the 1960s the 
effective use of methadone in pregnancy and the developmental effects 
on children exposed in utero are still unclear. Therefore, research is 
needed to define the optimal treatment strategy for using methadone in 
pregnancy, including a pharmacokinetic and pharmacodynamic study to 
determine the proper dosage regimen, a study to investigate when and 
how medically supervised withdrawal can be safely performed, and a 
followup study to investigate the developmental effects of methadone on 
the children exposed in utero. Infants suffering from neonatal withdrawal 
syndrome due to in utero drug exposure can be managed adequately with 
current medications. However, research on improved formulations, such 
as transdermal drug delivery systems that are convenient to use, will be 
encouraged. 

Pharmacotherapy for treating pregnant women can be very complicated. 
As pregnancy advances, pharmacokinetics and pharmacodynamics of a 
medication can change and necessitate careful monitoring of the effects 
and adjustment of the dosage regimen. Because there is also concern 
about the effects of the medication on the developing fetus, neonates 
must be assessed at the time of delivery. In some cases, followup of 
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children’s development is also required. Additional complications with 
the treatment of pregnant addicts require a comprehensive intervention 
program. 

Pharmacotherapy serves only as a safe replacement for abused drugs to 
help maintain pregnant addicts in a health care system. The behavioral 
intervention and social services provided by addiction-treatment 
professionals are essential in the successful treatment of addicts. 
Obstetricians and general health care providers often do not know how to 
deal with addicts. A top priority for treating this population is to 
familiarize health care providers with the needs of pregnant drug- 
dependent women and establish communications between obstetricians 
and addiction treatment professionals. 

Medications development is very complex and requires a multidisci¬ 
plinary approach. Basic research is necessary for the discovery of 
potential treatment medications. Pharmacological and toxicological 
evaluations must be performed in animals before the medications can be 
advanced to clinical studies. Basic pharmacokinetic and pharmaco¬ 
dynamic information should be obtained in preclinical evaluations and in 
early clinical trials to guide further clinical development. Prior to the use 
of a medication by pregnant women, its effects on fetuses throughout the 
gestational, neonatal, and postnatal periods must be assessed by 
developmental toxicity studies in animals. 

The Food and Drug Administration (FDA) has no established guidelines 
on how to carry out clinical trials in pregnant women. Communication 
among FDA, National Institute on Drug Abuse (NIDA), and scientific 
communities is necessary to clarify issues prior to beginning clinical 
trials. An integrated effort involving researchers with expertise in 
obstetrics, addiction treatment, and neonatology is required for the design 
and execution of the clinical protocol. It is of paramount importance to 
decide the objectives of the study and then to design the proper outcome 
measures. When outcome measures include following children’s 
development, pediatricians and epidemiologists must also be included to 
create a registry and follow the children over time. It is also important to 
establish a common database for collecting information nationwide across 
institutes so that data can be collected, analyzed, and disseminated. 

There are additional social, economic, and practical issues related to 
medications development for this population. One issue is who should be 
responsible for medications development for treating pregnant addicts. 
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There are ethical concerns as well as fear of litigation about clinical 
studies in pregnant patients. Therefore, institutional review board (IRB) 
approval sometimes is difficult. The reluctance of pharmaceutical 
companies to develop medications for this population probably is due to 
the concern over financial feasibility and fear of litigation. Orphan drug 
status could provide some incentive to the industry. Federal Government 
agencies should encourage research in this area by providing sufficient 
funds to scientific communities, by facilitating IRB approval, and by 
actively collaborating with industry and interacting with FDA to advance 
medications development. 

Research is urgently needed to develop treatments for pregnant drug- 
dependent women and their infants. A multidisciplinary approach is 
essential for medications development, and a comprehensive treatment 
program is necessary for the success of the treatment of pregnant addicts. 


AUTHORS 

C. Nora Chiang, Ph.D. 

Project Officer 

Medications Development Division 

Loretta P. Finnegan, M.D. 

Senior Advisor on Women’s Issues 
Office of the Director 

National Institute on Drug Abuse 
5600 Fishers Lane 
Rockville, MD 20857 


3 



Overview: Medications 
Development for the Treatment 
of Drug Abuse 

Frank Vocci, C. Nora Chiung, Lee Cummings, and 
Richard Hawks 


INTRODUCTION 

In 1988, it was estimated that drug addiction cost Americans at least 
$58.3 billion each year in health, social, lost productivity, and law 
enforcement costs. When costs associated with the care of infants bom 
addicted or exposed to illicit drugs, the exacerbation of the AI D S 
epidemic, and other consequences are considered, the economic costs of 
drug abuse and addiction may have exceeded $100 billion in 1991 (Rice 
et al. 1991). Because of the tremendous cost associated with drug 
addiction, the development of effective treatments for drug addiction is 
therefore a top priority of the National Institute on Drug Abuse (NIDA). 
Pregnant women who are addicted to drugs and their infants who suffer 
adverse effects due to in utero drug exposure are among the people to be 
treated. 

Current treatment programs are a complex mix of medical, psychosocial, 
and rehabilitation services. An important pail of such treatment is the 
availability of ph arm acot he rape u t ic adjuncts to help stabilize addicts and 
allow them to succeed in their overall addiction treatment program. At 
the present time, no medications are available for treating cocaine 
addiction, and only three medications are available for treating opioid 
dependence: methadone, naltrexone, and 1-alpha-acetylmethadol 
(LAAM, which was approved by the Food and Drug Administration 
[FDA] in July 1993). This scarcity of medications for drug abuse 
treatment is partly due to factors such as the limited commercial market 
and the difficulties associated with conducting clinical trials in drug- 
abusing populations. These factors have historically created a reluctance 
in the pharmaceutical industry to develop medications for treatment of 
drug abuse. 

Medications development is an extraordinarily complex activity 
involving a broad range of basic and applied research including chemical 
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synthesis, pharmacological and toxicological evaluations, formulation 
and product development, pharmacokinetic and pharmacodynamic 
studies, clinical trials, and regulatory activities. In order to respond to the 
unmet needs of treatment communities and to facilitate the transformation 
of basic research findings into practical treatment applications, NIDA 
established the Medications Development Program with the goal of 
ensuring the rapid identification, evaluation, development, and regulatory 
approval of new and improved pharmacotherapeutic agents. This 
program works closely with the FDA, other Federal Government 
agencies, pharmaceutical companies, and academic institutions to achieve 
this goal. 

The Medications Development Program has concentrated on developing 
medications for heroin (opiate) and cocaine dependence. These drugs 
were targeted because of the prevalence of their abuse and the high social, 
criminal, and health care costs including human immunodeficiency virus 
(HIV) treatment associated with their use. 


MEDICATIONS FOR TREATMENT OF OPIOID DEPENDENCE 

Unlike the newer phenomenon of epidemic cocaine use, opiate addiction 
has been well studied in the United States. The basic mechanisms 
involved in opiate addiction and opiate analgesia are reasonably well 
understood. The approaches used in designing pharmacotherapeutic 
agents for opiate addiction can be classified as replacement therapy with 
opioid agonists to substitute for heroin, such as methadone and LAAM; 
moderation or elimination of the process of withdrawal; and prevention 
of relapse after withdrawal either by blocking the behavioral or 
physiological effects of opioids or by reducing craving for opioids. 

Medications Currently Approved for the Treatment of Opioid 
Addiction 

Methadone. An opiate agonist, methadone was the first medication 
approved by the FDA for the treatment of heroin addiction. It is a 
maintenance medication and has been used in conjunction with 
psychosocial treatment since the 1960s (Dole and Nyswander 1965). 
Methadone is generally administered as an oral dose of 20 to 80 
milligrams (mg)/day. Tolerance and dependence develop during the 
course of therapy. Methadone produces opioid-like subjective effects and 
is subject to abuse and street diversion. Initially, patients must visit the 
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clinic every day to receive this medication. Such daily visits are 
burdensome to the clinic and the individual, and are a contributing factor 
to low compliance in some individuals. 

LAAM. LAAM is a long-acting opiate agonist and is effective at an oral 
dose of 30 to 100 mg taken every 2 to 3 days (Ling et al. 1980). LAAM 
is metabolized to the active metabolites nor-acetylmethadol and dinor- 
acetylmethadol. Because these active metabolites are produced slowly 
and persist in the body for a long time, LAAM has a slower onset and 
longer duration of action than methadone. Since LAAM is administered 
every other day or 3 times per week, it offers an advantage over 
methadone which requires daily administration. In clinical trials, LAAM 
has been demonstrated to be effective as an alternative therapy for 
patients currently taking methadone as well as for initial treatment of 
patients abusing illicit opiates. 

Naltfexone. The narcotic antagonist naltrexone was approved in 1985 
for use in patients who have been medically withdrawn from heroin, 
methadone, or other opiates. Naltrexone at an oral dose of 50 mg daily, 
or 100 mg Monday and Wednesday and 150 mg Friday, effectively 
protects patients from readdiction by blocking the effects of opiates. The 
longer patients can remain on naltrexone treatment, the longer they are 
able to remain opiate-free after treatment. However, the treatment has 
been relatively unsuccessful because of poor compliance. Since there is 
no noticeable effect of taking the drug and no immediate pharmacological 
consequences for not taking it, incentive to continue daily dosing can 
only be maintained by very highly motivated patients (Willette and 
Barnett 1981). 


MEDICATIONS DEVELOPMENT FOR OPIOID DEPENDENCE 
Clinical Program 

New medications based on new chemical entities or improved 
formulations or delivery systems are needed to fulfdl unmet needs and 
expand the availability of treatment to the broadest possible population 
base. There is a need to treat withdrawal symptoms with nonopioid 
adjunct medications, prevent relapse, and convert patients from agonist to 
drug-free status with antagonist pharmacotherapeutics. For replacement 
therapy, there are needs for new medications that have a limited addiction 
potential and are long acting. 
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Medications Currently Under Clinical Investigation 

Buprenorphine. A partial opioid agonist, buprenorphine is being 
investigated as a maintenance drug for opiate dependence. The 
pharmacological advantages of buprenorphine include a low level of 
physical dependence, easy medically supervised withdrawal, low 
overdose potential, and possibly less abuse liability. Clinical studies have 
demonstrated that an 8 milligram (mg) sublingual dose of buprenorphine 
is as effective as a 60 mg dose of methadone (Johnson et al. 1992). 

NIDA is carrying out a multicenter clinical trial to further establish the 
efficacy of buprenorphine and plans to file a new drug application (NDA) 
in mid-1996. 

Buprenorphine and naloxone combination product. If 
buprenorphine’s efficacy as an addiction treatment medication is 
confirmed, NIDA will pursue the development of a “take home” product 
consisting of buprenorphine combined with naloxone (an antagonist). 
Naloxone in combination with pentazocine has been shown to effectively 
reduce the abuse potential for this analgesic product (Legros et al. 1984). 
Since the bioavailability of naloxone by the sublingual route is 
considerably less than that of buprenorphine, the efficacy of sublingual 
buprenorphine in the combination product is not attenuated. However, 
when administered intravenously (IV), naloxone in such a combination 
product can precipitate withdrawal in heroin addicts. This effect is 
expected to greatly reduce its diversion potential and makes this form of 
treatment potentially available through a wider range of providers than is 
possible under the current law regarding treatment with narcotic agonist 
medications with high abuse potential, such as methadone. 

Depot nakrexone. Naltrexone is an opioid antagonist currently 
marketed in an oral dosage form that blocks the effects of opioids such as 
heroin. However, patient compliance is low. A depot dosage form 
providing naltrexone-blocking effects for 30 days could potentially 
improve patient compliance (Willette and Barnett 1981). In the 1970s 
NIDA developed an implantable 30-day depot dosage form of naltrexone 
to confirm the feasibility of such a drug delivery system for opioid 
treatment (Chiang et al. 1985). For ease of use in clinics, a prototype 
injectable depot system for naltrexone was developed and is currently 
undergoing a Phase I clinical trial in volunteers. 
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Currently Marketed and Investigational Medications That Have 
Been Identified for Clinical Evaluation 

• Clonidine alone and in combination with naltrexone appeal's effective 
in rapid opiate detoxification. A similar product, lofexidine, 
marketed in the United Kingdom and Canada for treatment of opiate 
detoxification symptoms, may also be useful. 

• Dynorphin, an endogenous ligand for the kappa opioid receptor, 
reversed tolerance in morphine (mu agonist)-dependent animals 
(Takemori et al. 1992; Tulunay et al. 1981) and has been proposed as 
both a withdrawal treatment and relapse prevention agent. 

• Acetorphan, an enkephalinase inhibitor that is related to angiotensin 
converting enzyme (ACE) inhibitors currently marketed for reduction 
of blood pressure, may be useful as a nonaddictive opioid treatment 
medication. There is some indication that it can increase levels of 
endogenous opioids by inhibiting the enzymes that metabolize them. 


PHARMACEUTICAL DEVELOPMENT 

Advances in pharmaceutical technology have greatly increased the 
potential for the development of controlled-release systems or 
formulations that can improve treatment effectiveness by releasing 
medications at specified rates. Examples of controlled-delivery systems 
include implantable or injectable depot systems, transdermal delivery 
systems, oral sustained-release systems, triggered-release systems, and 
targeted-delivery systems. The most advanced system is aimed at drug 
delivery to the site of action. Proper delivery system design can make 
possible the development of compounds that have desirable 
pharmacological profiles but are otherwise of limited therapeutic 
potential because of limited oral bioavailability or short half-lives. 

Implantable or injectable controlled-release formulations can be designed 
to provide effective concentrations for weeks or months. These systems 
are particularly useful for addiction treatment because they can reduce 
dosing frequency, minimize diversion, and improve compliance. 
Buprenorphine depot systems are being considered for development. As 
mentioned above, a naltrexone depot system is currently under clinical 
development. 



PRECLINICAL DISCOVERY PROGRAM 


Efforts are also being directed to discover a second generation of new 
chemical entities, opioids or nonopioids, for potential treatment of opioid 
addiction through preclinical evaluation. Compounds are characterized 
by in vitro opiate receptor subtype binding and evaluated in animals for 
opioid effects including analgesia, physical dependence, self¬ 
administration, drug discrimination, suppression of opioid dependence, 
and precipitation of withdrawal. Compounds with the desired 
pharmacological profiles will be identified as lead compounds for clinical 
evaluations. 

Extensive research in the molecular biology of opioids has revealed the 
existence of a number of receptor subtypes and has led to the recently 
successful cloning of the subtype receptors mu, delta, and kappa (Chen et 
al. 1993, Evans et al. 1992, Kieffer et al. 1992, Wang et al. 1993, Yasuda 
et al. 1993). The emerging information about the role of specific 
receptors in dependence and tolerance phenomena and the concurrent 
development of ligands with specific binding characteristics for these 
receptors may lead to a nonaddicting (or less addicting) medication. 
Opioids with mixed agonist/antagonist actions (mu/kappa, mu/delta) and 
those interacting with specific opiate receptor subtypes such as delta or 
kappa receptors will be investigated as potential opiate treatment 
medications. 

Nonopiate compounds that have been suggested to contribute to the 
development of opiate dependence, tolerance, or modulation of opiate 
effects will be investigated for potential treatment of opioid dependence. 
These compounds include N-methyl-d-aspartate (NMDA) antagonists 
(including glycine antagonists), nitrous oxide synthetase inhibitors, 
cholecystokinin (CCK) antagonists, enkephalinase inhibitors, and alpha- 
2-noradrenergic agonists. 


MEDICATIONS DEVELOPMENT FOR COCAINE DEPENDENCE 

Medications for the treatment of cocaine addiction are critically needed 
because of the prevalence of cocaine abuse in the United States. There is 
no approved treatment medication for cocaine addiction. Therefore, there 
is neither a reference medication against which new medications can be 
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designed and tested nor a validated preclinical or clinical testing model or 
paradigm in which clinical efficacy can be reliably predicted. 

Two types of therapeutic approaches that have been postulated are based 
on therapies that have been successful in the development of opiate 
addiction pharmacotherapies. In one approach, medications that block 
the effects of cocaine are identified. In the other, compounds are 
identified as maintenance medications that are safer, longer acting, and 
have less abuse liability. These compounds replace cocaine in much the 
same manner as methadone is used for heroin addiction. 

Cocaine is a central nervous system (CNS) sympathomimetic agent that 
blocks the reuptake of neurotransmitters (serotonin, norepinephrine, and 
dopamine). The dopamine system is hypothesized to be involved in 
mediating the reinforcing effects of cocaine (Kuhar et al. 1991). Basic 
physiological systems on which medications might act to attenuate the 
effects of cocaine have been hypothesized to include dopamine as well as 
serotonin receptors, and transporters and receptors for phencyclidine 
(PCP) and sigma ligands (Gawin 1991; Kuhar et al. 1991). 

Clinical and preclinical investigations are ongoing to evaluate compounds 
acting on these receptors and transporters for their potential in treating 
cocaine abuse. Compounds acting via different mechanisms that may 
modify the effects of cocaine are also being tested to identify 
pharmacological profiles or mechanisms that may predict potentially 
useful medications. Calcium channel antagonists are an example of such 
compounds. 

Because of the recent cloning of the dopamine transporter receptor and 
the availability of new brain imaging technologies, now is a promising 
time to rapidly pursue development of medications for the treatment of 
cocaine dependence. 


CLINICAL DEVELOPMENT 

This clinical development program evaluates the clinical efficacy of 
marketed and investigational compounds for the treatment of cocaine 
addiction. These compounds either have been suggested to be efficacious 
based on anecdotal data or are potentially efficacious based on their 
neuropharmacological activities. These clinical studies not only evaluate 
the efficacy of the medications but also test the methodology (study 
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design, outcome measures, etc.) and hypotheses that are directly relevant 
to medications development for cocaine addiction. On the basis of 
clinical data, the neuropharmacological basis for cocaine treatment can be 
investigated to establish a testing model for predicting the clinical 
efficacy of cocaine dependence pharmacotherapy. 

The compounds that have been tested in cocaine-dependent populations 
can be categorized primarily as those affecting the dopamine system, such 
as amantadine, desipramine, bromocriptine, buproprion, and mazindol, 
and those affecting the serotonin system, such as fluoxetine, ritanserin 
and gepirone. Other hypothetical mechanisms tested include the 
reduction of cocaine-induced kindling by carbamazepine and decrease of 
cocaine's subjective effects by blocking calcium channels. 

A fourth line of investigation involves the evaluation of potential 
medications in dually diagnosed populations; e.g., methylphenidate in 
cocaine-dependent subjects with attention deficit disorder, and 
buprenorphine in subjects who are both cocaine and opiate dependent. 


PRECLINICAL DISCOVERY PROGRAM 

New medications are being sought through preclinical testing and 
evaluation. Compounds identified as dopamine or serotonin transporter 
ligands, dopamine and serotonin agonists or antagonists, calcium channel 
antagonists, sigma receptor ligands, and compounds for which clinical 
efficacy has been suggested are being evaluated in animals. Tests are 
being conducted to determine whether these compounds may attenuate 
cocaine's effects. These evaluations include the ability of a test substance 
to affect cocaine-induced locomotor activity, drug discrimination, and 
self-administration. 

Newly synthesized chemical entities, including compounds structurally 
similar to cocaine, are characterized by an in vitro biogenic amine 
transporter and receptor assay as well as being tested in animals. The 
structure-activity relationships will be examined to facilitate better design 
of compounds for cocaine treatment. Pharmacokinetics will be 
determined for compounds that show desired pharmacological profiles, 
and the lead compounds will undergo clinical evaluation. 



MEDICATION FOR THE TREATMENT OF PREGNANT 
ADDICTS 

It was estimated that 30,000 to 45,000 drug-affected infants were born in 
1987 (Dicker and Leighton 1991). Premature births, low birth weights, 
pregnancy complications, and neurobehavioral abnormalities have been 
associated with in utero drug exposure. Neonatal withdrawal syndrome 
often occurs in neonates born to opiate-abusing mothers. Infants born to 
cocaine-abusing mothers do not go through withdrawal, but often show 
signs of neurotoxicity such as irritability. Serious complications such as 
seizures also occur in both cocaine- and opiate-affected infants (Kandall 
this volume; Zuckemian et al. this volume). 

Methadone is the only medication being used for treating pregnant opioid 
addicts (21 CFR 291.505, Drugs Used in the Treatment of Narcotic 
Addicts). Women admitted to a methadone treatment program must be 
warned of the risks associated with the use of or withdrawal from 
methadone during pregnancy. Infants born to methadone-maintained 
mothers are larger than those of heroin-using mothers. Nevertheless, 
methadone, like heroin, produces a neonatal withdrawal syndrome 
(Finnegan and Kandall 1992). A substitute medication that would 
produce little or no withdrawal would be an obvious advantage to what is 
currently available. 

Basic research on the design of effective medications for treating 
pregnant women with minimal harmful effects on the fetus is an area of 
increasing research opportunity. Such medications could have limited 
transplacental transport, such as synthetic enkephalin analogs that have 
analgesic effects in adults but that are not detectable in the fetus 
(Frederickson 1986). 

Alternatively, the development of highly receptor-specific opiate analogs 
may result in medications devoid of adverse effects in fetuses. Studies to 
date have shown that the fetal response to certain opiate drugs is different 
from that of adults partly because of incomplete maturation of specific 
opiate receptors in the fetus. This receptor asymmetry between mothers 
and fetuses affords an opportunity for the treatment of pregnant narcotic 
addicts with minimal effects on fetuses (Szeto, this volume). 

Although pharmacotherapies such as paregoric and phenobarbital have 
been shown to be effective for treating infants suffering symptoms 
associated with in utero drug exposure (Kandall, this volume), the 
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development of safer and more effective medications and better dosage 
forms, such as transdermal drug delivery systems, are of great interest. 


SUMMARY 

Drug abuse is of great public concern, and effective treatment strategies 
for opiate and cocaine dependence are urgently needed for the general 
addict population as well as for pregnant women and their infants. 
NIDA’s effort to develop new pharmacotherapies as an adjunct to the 
treatment of opiate addiction has already led to the approval of LAAM 
and an NDA development program for buprenorphine. The momentum 
achieved by the new Medications Development Program’s success with 
opiate addiction treatment must now be applied to the development of 
new treatments for cocaine addiction. With recent advances in 
neuroscience, imaging techniques, and pharmaceutical technology, the 
development of medications for significantly improving drug abuse 
treatment in a variety of directions holds real promise. 
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Overview of the Effects of 
Abuse and Drugs on 
Pregnancy and Offspring 

Barry Zuckerman, Deborah Frank, and Elizabeth Brown 


INTRODUCTION 

With the rapid increase in cocaine use, substance abuse among pregnant 
and parenting women has escalated from a relatively small clinical and 
academic concern to an important public health problem. A U.S. General 
Accounting Office (1990) report to Congress suggested that each year 
between 100,000 and 375,000 women use illicit drugs including 
marijuana during pregnancy. There is currently no national prevalence 
data regarding prenatal cocaine or other illicit psychoactive substance 
use. In Rhode Island, 3.4 percent of peripartum urine samples tested 
positive for cocaine (Griffin et al. 1990). In California in 1992, 

1.1 percent of urine samples were positive for cocaine and 1.4 percent for 
opiates. African-American women had the highest rates: 7.8 percent and 
2.5 percent for cocaine and opiates, respectively (Vega et al. 1993). 


SOCIAL-POLITICAL ISSUES 

Reports in the lay press based on anecdotal evidence resulted in a 
premature rush to judgment about the impact of in utero exposure to 
illicit drugs, particularly cocaine, upon the health, behavior, and 
development of children (Mayes et al. 1992). Children with a history of 
prenatal cocaine exposure, labeled “crack kids,” were portrayed in the 
media as inevitably and permanently damaged. An article in The New 
York Times reported that “parents and researchers say a vast majority of 
children exposed to significant amounts of drugs in the womb appeal - to 
have suffered brain damage which cuts into their ability to make friends, 
know right from wrong, control their impulses, gain insight, concentrate 
on tasks, and feel and return love” (Blockner 1990, p. 14). Another article 
stated that these babies are “like no others, brain damaged in ways yet 
unknown, oblivious to any affection” (Hopkins 1990, p. 1). These 
statements are made in spite of the absence of any credible scientific 
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evidence regarding the sequelae of prenatal cocaine exposure beyond the 
newborn period. 

A very large group of cocaine-exposed children is in danger of being 
written off. Moreover, a social sentiment has arisen that the loss of these 
children is entirely attributable to the prenatal effects of cocaine (an 
irreversible biological factor). Such a conviction works toward 
exempting society from having to face other possible explanations of the 
children’s plight-explanations such as poverty, community violence, 
inadequate education, and diminishing employment opportunities. Such 
explanations require deeper understanding of wider social policy issues. 

The labels used to describe drug-exposed children are themselves 
damaging, since labels have a way of becoming self-fulfilling prophecies 
(Rosenthal and Rosenow 1979). Minimally, expectations for such 
children are lowered. The attribution of irremediable damage makes it 
more difficult to find services for these children, and such services may 
be geared to custodial care rather than to challenging children's capacities 
or to effectively remediating. Even more damaging is the difficulty in 
finding adequate nonbiological homes for such children; potential foster 
or adoptive parents are often reluctant to assume the care of cocaine- 
exposed children because of their perceived impairments. 

Labels also carry with them a risk for biasing and undermining scientific 
and clinical decisions. A 1989 report in Luncet indicated that abstracts 
regarding the impact of prenatal cocaine use were more likely to be 
accepted for presentation at the annual meeting of the Society for 
Pediatric Research if they reported positive results (i.e., evidence of 
impairment) than if they failed to show such results, even though the 
rejected papers with negative findings tended to be methodologically 
more rigorous (Koren et al. 1989). Clinical decisions are also affected by 
underlying attitudes. Another study showed that, given an equivalent 
extent of use of illegal drugs by pregnant women, physicians and clinics 
are more likely to report African-American women or women on welfare 
to law enforcement agencies than white or middle-class women 
(Chasnoff et al. 1990). Prejudice exists, and it can well bias data 
interpretation, particularly when observers are not blind to study group 
assignment. 

Condemning these drug-exposed children with labels indicating a 
permanent handicap is premature. Such prophecies of doom lead 
researchers to overlook what has long been known about the remediating 
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effects of early intervention. Studies of preterm or ill newborns fail to 
support biological determinism (Beckwith and Parmalee 1986; Hunt et al. 
1988; Werner 1989). Supportive environments contribute significantly to 
improving the outcome of infants with biological vulnerabilities at birth 
(Beckwith and Parmalee 1986; Infant Health and Development Program 
1990). Even among infants exposed to narcotics prenatally, the home 
environment is a critical determinant of outcome (Johnson et al. 1990; 
Lifschitz et al. 1985). Future research is needed to determine if children 
prenatally exposed to psychoactive drugs suffer behavioral and 
developmental problems. If problems are identified, the areas of 
impaired development need to be determined, and the relative effects of 
prenatal psychoactive substance exposure and postnatal home 
environment must be assessed. 

Methodologic Issues 

The authors have recently summarized a number of important 
methodologic issues that contribute to uncertainty in findings that 
describe the effects of prenatal psychoactive substance exposure (Frank et 
al. 1993). These issues include accurate identification of users and 
determination of dose and gestational timing of exposure; both are 
difficult to accomplish. Use of biological markers combined with self- 
report is the most accurate method of identifying users. If users are 
misclassified as nonusers due to underreporting, identified differences in 
outcome due to drug exposure may be missed (Zuckerman et al. 1989). 
The consequences of dose and gestational timing have not been evaluated 
adequately for most substances and are very difficult to assess in 
unconfined populations. Sample selection bias is likely if samples 
involve women in a drug treatment program or women suspected by 
clinical staff at delivery of using drugs. 

Failure to control for confounding variables frequently results in 
overestimates of the effects of the drug being studied. In one study that 
controlled for confounding variables, only 25 percent of the 409 gram 
weight decrement of infants exposed to cocaine could be statistically 
attributed to cocaine exposure rather than to other factors such as 
cigarette use (Zuckerman et al. 1989). Fack of blind assessment and 
appropriate comparison populations impair the validity of findings. 
Appropriate outcome measures are needed to identify important selective 
consequences of drug exposure. 
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There is a growing consensus among researchers that global measures of 
development may not be sensitive to the effects of cocaine and other 
psychoactive substances. During preschool and school years, assessment 
of specific functions such as information processing, attention, activity 
level, memory, and language function may provide more sensitive 
indicators of the effects of prenatal psychoactive substance exposure on 
children's development than global developmental scores. 


IMPACT OF SUBSTANCE ABUSE ON PARENTING 

The chaotic lifestyle of the addicted mother causes indirect effects on 
children due to cocaine and opiate exposure. Prenatally these effects 
include poor nutrition and exposure to infectious diseases; postnatally, 
the effects involve parenting. Substance abuse and addiction impair 
parents’ caretaking (Bauman and Dougherty 1983; Bernstein et al. 1984; 
Fiks et al. 1985). Infants develop a sense of security when their caregiver 
responds appropriately to their needs for comfort, stimulation, and food. 
Once infants have a sense of security, they can explore the environment 
and develop other relationships. Addiction prevents a mother from 
responding to her infant’s needs; her primary focus is on her drug of 
choice, not on her child. Her life is organized around getting the drug, 
not around taking care of her children. In one of the few published direct 
observational studies, a reduction in reciprocal behaviors between drug¬ 
using mothers with their infants was seen (Bums et al. 1991). 

The following case report provides a description of the caregiving 
capacities of one cocaine-using mother. This description was from a 
study of young mothers and their children; the observer was unaware that 
the mother used cocaine (Greer et al., unpublished data). 

EJ was the 18-year-old mother of AJ, who was 14 months old at the time 
of the home visit. They lived in a two-bedroom apartment with EJ's 
3-year-old son, her 19-year-old boyfriend (the father of both children), 
her mother, and four other maternal family members (3 aunts and an 8- 
year-old cousin). The overwhelming impression upon entering the 
apartment was one of chaos. One person was sleeping in a room just off 
the kitchen, another was watching television, and two more people were 
getting dressed in the same room. EJ was drinking coffee out of a 
mayonnaise jar and arguing with her boyfriend, who was cooking 
breakfast. Meanwhile the three children were running around the kitchen 
trying to obtain food. 
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EJ appeared depressed and withdrawn, and she demonstrated little 
tolerance of her son’s behavior. At times during the session she shouted 
at him or appeared hostile to him. In general her involvement and 
interaction with him was minimal, and the opportunity for positive 
stimulation appeared limited. As part of this structured observation, EJ 
was asked to teach her son to make a tower of three blocks. Her teaching 
consisted of saying “Do this,” building a tower of three blocks once, and 
then returning to her breakfast and cigarette. However, AJ’s father and 
other family members did provide positive stimulation and nurturing to 
him. For example, AJ’s father and maternal grandmother frequently 
cared for him in his mother’s absence. AJ had a variety of appropriate 
toys, most of which were reportedly supplied by his father or maternal 
relatives. 

Two weeks later, AJ was admitted to the hospital with second and third 
degree bums on his chin and chest. He had pulled a can filled with hot 
coffee onto himself from the kitchen table. Following an investigation by 
the State Department of Social Services, AJ was placed in foster care 
because of neglect. This case example, empirical studies, and clinical 
experience show that addiction or substance abuse interferes with 
parenting and contributes to developmental, behavioral, and health 
problems. 


COCAINE 

Pharmacology 

Cocaine is a tropane alkaloid that is derived from the leaves of the 
Erythroxylon cocoa plant from the mountain slopes of Central and South 
America. It affects multiple neurotransmitter systems in the central 
nervous system (CNS), including the dopaminergic (DA) and 
norepinephrine (NE) systems. During pregnancy, the NE-mediated 
vasoactive consequences of cocaine exposure in animals include 
decreased uterine blood flow and constriction of umbilical arteries 
(Woods et al. 1987). 

Cocaine is highly water and lipid soluble and it has a wide volume of 
distribution. In addition to its vascular effects, cocaine crosses the 
placenta and blood brain barrier. Cocaine has been found in the brain in 
concentrations four times higher than the peak plasma concentration 
(Farrar and Keams 1989). 
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Preliminary Data Regarding Effects on Fetal 
Neurotransmitters 

In the fetal brain, neurotransmitters contribute to brain development by 
influencing neuronal migration and differentiation as well as synaptic 
proliferation (Lauder 1988). During the prenatal period, neurotrans¬ 
mitters also affect the development of receptor sites (Miller and Friedhoff 
1988). Neurotransmitter changes among infants with in utero cocaine 
exposure were suggested by a pilot study showing blood levels of the NE 
precursor dihydroxyphenalamine were higher in cocaine-exposed infants 
than in unexposed newborns (Mirochnick et al. 1991). This finding 
might be due entirely to chronic stress associated with cocaine-induced 
vasoconstriction and hypoxia in utero. Another study showed that, when 
compared with infants not exposed to drugs, 2-month-old infants 
prenatally exposed to cocaine, narcotics, and other drugs showed 
elevation of plasma neuroepinephrine but not epinephrine or DA (Ward 
et al. 1991). 

A recent preliminary study, the first in humans, examined CNS 
neurotransmitter levels by measuring neurotransmitter precursors and 
metabolites in the cerebrospinal fluid (CFS) of 10 cocaine-exposed and 
21 unexposed newborns undergoing spinal taps for a variety of clinical 
indications. When compared to unexposed infants, cocaine-exposed 
infants had significantly lower levels of CFS homovanillic acid (HVA), 
the principal metabolite of DA. Other levels of neurotransmitter 
precursors and metabolites did not differ significantly between exposed 
and unexposed neonates (Needleman et al. 1993). 

Complications of Pregnancy 

Abruptio placentae and placenta previa have been associated with 
maternal cocaine use, particularly when cocaine use is identified at the 
time of delivery (Handler et al. 1991). However, when cocaine use is 
identified by meconium assay, no association with abruptio placentae can 
be shown. This suggests that the increased risk of abruptio placentae, if 
any, pertains only when cocaine is used close to delivery (Ostrea et al. 
1992). 

Fetal Growth 

A recent published review has summarized the relationship between 
prenatal cocaine use and fetal growth (Frank et al. 1993). Maternal 
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cocaine use has been associated with depressed length, weight, and head 
circumference for gestational age in many studies. Most of these studies 
also have found increased rates of low birth weight and prematurity 
among cocaine-exposed newborns. However, other studies have found 
no such association. The authors are aware of only five published studies 
(Chouteau et al. 1988; Gillogley et al. 1990; Handler et al. 1991; Petiti 
and Coleman 1990; Zuckerman et al. 1989) that have large enough 
samples to assess cocaine effects on prematurity, low birth weight, and 
intrauterine growth retardation (IUGR) while statistically controlling for 
associated risk factors. In spite of methodologic differences, all five 
studies found an association between maternal cocaine use and IUGR. 
Four (Chouteau et al. 1988; Gillogley et al. 1990; Handler et al. 1991; 
Petiti and Coleman 1990) of the five studies also demonstrated an 
association between maternal cocaine use and increased risk of 
prematurity. Only in one study (Zuckerman et al. 1989), when 100 
percent of the cocaine-using women received prenatal care, was there no 
association between cocaine use and prematurity. These findings suggest 
that maternal cocaine use is an independent risk factor for IUGR. In the 
absence of prenatal care, it appears that cocaine use is also independently 
associated with prematurity. 

Structural Malformations 

There is no such entity as a “fetal cocaine syndrome,” no consistent 
pattern of malformations associated with prenatal cocaine exposure. Rare 
but more serious congenital abnormalities, such as urogenital anomalies 
(Chavez et al. 1989), distal limb deformities (Hoyme et al. 1990), 
gastroschisis (Goldbaum et al. 1990), cardiac lesions (Lipshultz et al. 
1991) and skull, CNS, and ocular malformations (Bingol et al. 1987; 
Dominguez et al. 1991) have been noted in clinical series. A meta- 
analysis of published studies suggested that congenital malformations are 
independently associated with prenatal cocaine use (Lutiger et al. 1991). 
However, a subsequent study, the only population-based investigation, 
did not support this finding. In this study, which assessed trends between 
1968 and 1989 for urogenital and other birth defects, no significant 
change in prevalence of these multiple vascular disruption defects were 
seen in spite of a large rise in maternal cocaine use over that period 
(Martin et al. 1992). 
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Neurologic Findings 

An ototoxic effect of prenatal cocaine exposure has been suggested (Shih 
et al. 1988). Auditory brainstem responses (ABRs) in neonates exposed 
to cocaine showed prolonged inter-peak latencies and prolonged absolute 
latencies, which indicate neurologic impairment or dysfunction in the 
auditory system. Another study (Salamy et al. 1990) also showed 
delayed auditory brainstem transmission time in cocaine-exposed 
newborns, which reverted to normal by 3 to 6 months. 

Case studies have described 16 infants with seizures in the neonatal 
period (Kramer et al. 1990). A focal seizure was described in one infant 
with an infarct on computerized axial tomography (CAT) scan. Six 
patients continued to have seizures after 6 months of age. One other 
study reported electroencephalogram (EEG) changes at 1 month of age in 
a small group of cocaine-exposed infants; EEG changes resolved to 
normal by 6 months of age (Doberczak et al. 1988). Cocaine use is 
associated with lowered seizure threshold in adults (Gawin and Kleber 
1984). The true incidence of seizures in cocaine-exposed neonates has 
not been determined; clinical experience suggests that seizures are a 
relatively rare complication, but may occur in infants with no other risk 
factors. 

Case reports of significant cerebral infarctions associated with prenatal 
cocaine exposure have been published (Chasnoff et al. 1987a; Kramer et 
al. 1990). A case report describes congenital, cerebral, and ocular 
abnormalities in 7 cocaine-exposed neonates that may be attributed to 
early vascular insult (Dominguez et al. 1991). A more systematic study 
reported that 41 percent of cocaine-exposed, asymptomatic, term infants 
undergoing cranial ultrasound in the first 3 days of life showed either 
echodensities or echolucencies, suggesting CNS vascular injury (Dixon 
and Bejar 1989). This rate of abnormal findings was comparable to that 
of ill term infants and much greater than in healthy tern newborns. 
Another study showed a similar rate of ultrasound findings overall among 
cocaine-exposed and unexposed term newborns (Frank et al. 1992). In 
order not to miss a finding associated with dose, a subsequent analysis 
categorized cocaine use as heavy or light. This analysis found increased 
echodensities among infants with heavy cocaine exposure compared with 
light exposure (Frank et al. 1994). The clinical significance of ultrasound 
lesions in term infants, whether cocaine-exposed or not, is unknown; but 
the existence of these lesions warrants further investigation and followup. 
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Neurobehavioral Outcomes 


Neonatal neurobehavioral abnormalities following cocaine exposure have 
been reported in some but not all studies. Controlled studies (Chasnoff et 
al. 1989a, 1989b, 19876; Coles et al. 1992; Eisen et al. 1991; Lester et al. 
1991; Mayes et al. 1993; Neuspiel et al. 1990) used the Brazelton 
Neonatal Behavioral Assessment Score (BNBAS) to assess the 
neurobehavioral functioning of term infants exposed to cocaine but not 
opiates. The findings are summarized in table 1 (data from reports by 
Chasnoff are combined). As the table makes clear - , results of these 
studies are inconsistent regarding the presence or absence of an 
association between prenatal cocaine use, neurobehavioral dysfunction, 
and the type of dysfunction identified. 

Out of 35 possible outcomes, 9 are significant. However, four of these 
outcomes occurred in one study (Chasnoff et al. 1989a, b). In this study, 
subject mothers were enrolled from a drug treatment program. Six 
outcomes occurred within the first few days following birth, while the 
other three occurred between 2 and 4 weeks postpartum. There is no 
consistency among studies in the behavioral cluster associated with 
prenatal cocaine exposure. 

Another study (Lester et al. 1991) using cry characteristics identified two 
neurobehavioral profiles among cocaine-exposed newborns. One profile, 
characterized as “excitable,” was ascribed to the direct primary effect of 
cocaine exposure. The other profile, characterized as “depressed,” is 
thought to be due to secondary effects of IUGR. Possible opposite effects 
of cocaine and IUGR may help explain the variability in newborn 
behavior seen clinically and in the studies summarized above. It is not 
known whether alterations in neonatal behavior other than crying will be 
confirmed with more methodologically rigorous studies. 

Findings After the Newborn Period 

Sudden Infant Death Syndrome. Probable fetal hypoxia associated 
with in utero cocaine exposure has raised concerns that such exposure 
may increase the risk of sudden infant death syndrome (SIDS). These 
concerns are heightened by reports of respiratory pattern abnormalities in 
cocaine-exposed infants as compared with methadone-exposed infants 
(Chasnoff et al. 19896). 
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TABLE 1. Cocaine effects on Brazelton Neonatal Behavioral Assessment Score (BNBAS) in term 


infants not exposed to opiates. 



Habitu¬ 

Orien¬ 


State 

State 

Autonomic 

Abnormal 


ation 

tation 

Motor 

Range 

Regulation 

Regulation 

Reflexes 

1) CHASNOFF 94 

1989 

N = 79 

0 

+ 

+ 

0 

+ 

0 

+ 

2)EISEN 118 

1991 

+ 

0 

0 

0 

0 

0 

0 

N = 52 








3) NEUSPIEL 119 

1991 

0 

0 

+ * 

0 

0 

0 

0 

N = 111 








4) COLES 120 

1992 

0 

0 

0 

0 



0 

N= 107 








5) MAYES 

1993 

N = 86 

+ 

0 

0 

0 

0 

0 

0 


+ = less optimal scores in cocaine-exposed 
0 = no difference between exposed and unexposed 


* = only at 2 weeks of age 
++ = only at 14 and 28 days 





An early study, using a convenience sample of infants prenatally exposed 
to cocaine, found that 10 of 66 (15 percent) died of SIDS (Chasnoff et al. 
1987b). However, four subsequent studies (Bauchner et al. 1988; Durand 
et al. 1990; Kandall et al. 1993; Ward et al. 1990) using larger, more 
representative samples have found only a slightly increased rate of SIDS. 
In the largest study to date, the adjusted risk ratios are: methadone only, 
3:6; heroin only, 2:3; methadone and heroin, 3:2: cocaine only, 1:6; and 
cocaine and heroin or methadone, 1: 1 (Kandall et al. 1993). 

Growth and Developmental Outcome After the Neonatal Period. 
There are a limited number of published longitudinal studies of the 
outcome of children prenatally exposed to cocaine and not opiates. In 
one study, cocaine- and amphetamine-exposed infants scored lower at 
between 27 and 52 weeks of age on measures of visual recognition 
memory (Struthers and Hansen 1992). This test evaluates the infant’s 
ability to orient to a novel stimuli in preference to a familiar stimulation, 
and has been associated with later cognitive development. In a study of 
growth, children exposed to cocaine achieved expected growth levels by 
1 year of age after being smaller at birth (Weathers et al. 1993). In the 
longest followup study, Chasnoff and colleagues studied three groups of 
infants from birth to age 2: 106 children exposed to cocaine, alcohol, 
marijuana, and in a few cases phencyclidine (PCP) and amphetamines, 
but not opiates; 45 children exposed to marijuana and alcohol, but not 
cocaine; and 77 children whose mothers abstained from cocaine, alcohol, 
and marijuana during pregnancy. Women in all three groups smoked 
tobacco, but use was heavier and more prevalent in the two groups using 
illegal drugs (Chasnoff et al. 1992). 

Both the cocaine-exposed and the alcohol- and marijuana-exposed groups 
showed catchup from perinatal growth deficits during the early months of 
life; their attained somatic growth through 18 months did not differ from 
that of unexposed infants. At 2 years of age, the mean length of the 
cocaine-exposed infants was significantly shorter than that of the 
unexposed, but did not differ from alcohol- and marijuana-exposed 
infants, although a large sample attrition makes this finding difficult to 
interpret. At all ages, the infants exposed to cocaine, alcohol, and 
marijuana had lower mean head circumferences than the unexposed 
infants, but the mean developmental scores for the infants at age 2 did not 
differ significantly between groups. However, a higher proportion of 
cocaine-exposed infants than drug-free infants scored greater than one 
standard deviation below the mean on the Bayley Scales of Infant 
Development. 
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A subsequent assessment of this sample at age 3 years showed a four to 
five point difference on the Stanford-Binet intelligence quotient (IQ) test 
among cocaine-exposed infants (mean score 94.4), other drug-exposed 
infants (mean score 93.2), and unexposed infants (mean score 98.5) that 
is not statistically significant. However, using path analyses of the data 
collected at 36 months, drug exposure (defined as alcohol, cigarettes, and 
marijuana with or without cocaine) was directly and indirectly associated 
with the Stanford-Binet IQ test. The indirect effects were due to smaller 
head circumference at 3 years of age, poorer environment, and persever¬ 
ance at tasks (Azuma and Chasnoff 1993). The only other longitudinal 
investigation of cocaine-exposed infants also included exposure to PCP. 
Infants in this study showed deficits in unstructured play at 18 months 
and high rates of insecure, disorganized attachment (Rodning et al. 1991, 
1993). 

OPIATES 

Pharmacology 

The opiates comprise a group of naturally occurring opium alkaloids and 
their chemically related derivatives obtained by drying the milky white 
exudate of unripe poppy seeds indigenous to Asia Minor. They include 
morphine, codeine, heroin, and meperidine hydrochloride. Although the 
chemical structure of methadone is different from that of the opiates, the 
pharmacological properties are similar - . In adults, the half-life of heroin is 
4 hours and that of methadone, 23 hours. The half-life of methadone in 
newborns is 32 hours. The opiates work in the CNS, binding at specific 
sites that are associated with nerve synapses and normally bind natural 
neurotransmitters, the endogenous opioids (Brown and Zuckerman 1991). 

The opiates produce analgesia, lowered anxiety, improved mood, 
drowsiness, and a clouding of the sensorium. They also cause respiratory 
depression, peripheral vasodilatation, and decreased intestinal peristalsis. 
Tolerance (the need for an increased dose of drug to achieve the same 
effect) and physiologic dependence resulting in a withdrawal syndrome 
occur with long-term opiate use. Only a small proportion of any opiate 
dose crosses the blood-brain barrier; most is concentrated in kidney, lung, 
liver, and spleen. Opiates are metabolized in the liver and excreted in the 
urine after glucuronidation. Opiates cross the placenta and affect the 
fetus directly (decreased somatic growth, neonatal abstinence syndrome). 
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Newborn Outcome 


There is no convincing evidence that exposure to narcotics in utero 
results in an increased rate of congenital malformations in either animal 
or human pregnancies. Some animal studies have shown teratogenic 
effects, but only at extremely large doses. Many of these studies did not 
control for the effects of anorexia and decreased caloric intake seen in 
most animals given narcotics (Hutchings 1982). Studies that have used 
doses more closely approximating human usage and that have taken 
nutritional intake into account have not demonstrated an increased rate of 
malformations. In humans, no consistent pattern of anomalies has been 
described in infants, nor has the rate of malformations been greater than 
that seen in the general population (Zuckerman and Brown 1993). 

The primary effects of maternal narcotic use on the fetus are IUGR and 
neurobehavioral dysfunction. Numerous studies have documented low 
birth weight for gestational age in infants exposed to narcotics in utero 
(Glantz and Woods 1993; Zuckeiman and Brown 1993). Although 
participation in a methadone maintenance program during pregnancy 
improves birth weight, the infants are still significantly growth-retarded 
relative to drug-free controls (Kandall et al. 1976). In a summary of data 
from controlled studies, Glantz and Woods (1993) reported that risk of 
low birth weight appeal's to be 41 to 45 percent for heroin users, 24 to 26 
percent for methadone users, and 12 to 19 percent in drug-free controls. 
However, other confounding factors among nai'cotic-using pregnant 
women complicate drawing a firm conclusion regarding a causal 
relationship between opiate use and low birth weight. When outcomes 
were controlled for differences in race, adequacy of prenatal care, weight 
gain during pregnancy, prenatal risk score, maternal education, and 
maternal smoking, no differences in birth weight were seen between 
drug-exposed (heroin or methadone) and drug-free infants (Lifschitz et al. 
1985). 

Studies evaluating the relationship between opiate use and prematurity do 
not control for associated risk factors, which prevents film conclusions 
from being drawn (Glantz and Woods 1993). Among premature infants, 
narcotic-exposed infants are less likely to experience respiratory distress 
syndrome (Glantz and Woods 1993). This may be due to earlier 
pulmonary maturity secondary to heroin exposure and associated stress. 
Meconium in amniotic fluid associated with narcotic use was 21 to 
46 percent compared with 12 to 14 percent in drug-free controls and 6 to 
17 percent in methadone-maintained women (Glantz and Woods 1993). 
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Low Apgar scores at 5 minutes are no more frequent in infants of 
narcotic-exposed mothers compared with controls (Glantz and Woods 
1993). A higher rate of stillbirth associated with prenatal narcotic use is 
reported in some but not all studies. It is possible that the risk of stillbirth 
is related to intermittent narcotic withdrawal in utero rather than a direct 
effect of drug exposure per se. 

There is growing evidence that in utero exposure to narcotic drugs may 
result in abnormal structural organization of the fetal brain (Sakellaridis et 
al. 1986; Smith et al. 1977; Zagon and McLaughlin 1984;). Morphine 
decreases the packing density of neurons in the medial and lateral 
preoptic areas of the hypothalamus, and in all layers of the cerebral cortex 
(Hammer et al. 1989). Since receptors affect dendritic growth and mature 
at different rates in different parts of the brain, prenatal exposure could 
produce different effects depending on timing of the exposure. Thus, the 
neurobehavioral abnormalities seen in narcotic-exposed infants may be 
attributable, in part, to underlying structural changes in brain 
development. 

Neurochemical alterations resulting from prenatal opiate exposure may be 
expressed in a variety of ways. Herzlinger and colleagues (1977) 
reported a 1.2 percent incidence of seizures for heroin-exposed infants 
and 7.8 percent for methadone-exposed infants. A 1 -year followup study 
of infants with abstinence-related seizures showed that most early EEG 
and neurological abnormalities associated with abstinence-related 
seizures were transient (Doberczak et al. 1988). By 8 to 16 months of 
age, results of all neurological exams were normal; none of the infants 
developed a seizure disorder. It is possible that the cause of abstinence- 
related seizures may be the depletion of neurotransmitters (McCinty and 
Ford 1980; Roseman and Smith 1972; Smith et al. 1977), which if 
restored over time would result in improved neurological function. 

The most common neurological complication seen in narcotic-exposed 
infants is the presence of a neonatal abstinence syndrome. During in 
utero exposure to narcotics, a fetus develops drug dependency, including 
tolerance for narcotics. After delivery, the infant develops symptoms of 
irritability, tremulousness, sweating, stuffy nose, difficulty in feeding, 
diarrhea, and vomiting. The neurochemical pathways underlying drug 
withdrawal symptoms are poorly understood. Finnegan (1990) 
developed a scoring system commonly used to quantify the severity of 
withdrawal symptoms, to determine when pharmacotherapy is indicated, 
and to guide therapy once it is begun. 
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The onset of symptoms depends on the type of narcotic. Heroin has a 
short half-life (4 hours), so that withdrawal symptoms are apparent on the 
first day. Methadone, on the other hand, has a very long half-life 
(32 hours in the newborn), so that the drug stays in the newborn's system 
for days. Therefore, withdrawal symptoms seldom occur before 24 to 
48 hours, and can occur as late as 7 to 10 days after birth. Methadone is 
excreted in the infant’s urine for 10 to 14 days after birth (Kreek 1979), 
which may account for the very prolonged withdrawal period seen with 
methadone-exposed infants. In addition, a subacute withdrawal 
syndrome characterized by restlessness, agitation, tremors, and sleep 
disturbance may last 3 to 6 months after birth and may be a reflection of 
the prolonged metabolism and excretion of methadone (Hutchings 1982). 

Infants exposed to heroin and cocaine are more likely to show withdrawal 
symptoms; these signs occur earlier than for infants only exposed to 
heroin. Other studies have found no difference in type and frequency of 
withdrawal symptoms between infants exposed to methadone and those 
exposed to both methadone and cocaine (Doberczak et al. 1988; Ryan et 
al. 1987). Withdrawal symptoms occur less often in premature infants. 
When symptoms are seen they are less severe, and fewer premature 
infants require pharmacologic treatment. This may be related to 
decreased fat stores of methadone (Doberczak et al. 1991) or lack of 
development of receptor sites. 

Long-Term Outcome 

Growth. Followup of narcotic-exposed infants at 3 years of age found 
that the growth of the drug-exposed infants is no more impaired than that 
of a control group of infants from a similar socioeconomic status (SES), 
although mean scores for height, weight, and head circumference were 
below the 50th percentile (Lifschitz et al. 1983). The multiple risk factors 
in the lifestyle of drug-abusing pregnant women appear to be major 
factors in the poor growth reported both prenatally and postnatally for 
this group of infants. 

Developmental Outcome. There is no convincing evidence that 
exposure to narcotics in utero results in developmental delay when 
exposed infants are compared to appropriate controls of similar SES. The 
major studies of children 2 years or older are reviewed in table 2. Only 
one study showed any significant differences in global developmental 
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TABLE 2. Cognitive function in narcotic-exposed infants 
and children. 


Author 

Study 

Age 

(Years) 

Methadone/ 

Heroin- 

Exposed 

Group 

Control 

Group 

Chasnoff 
et al. 

(1986) 

2 

98.7 

96.2 

Kaltenbach 
et al. 

(1979) 

2 

91.0 

95.0 

Hans 

(1989) 

2 

92.0 

95.8 

Wilson 

(1989) 

3-5 

90.4 

89.4 

Kaltenbach 

and 

Finnegan 

(1989a) 

4 

106.51 

106.5 

Strauss et 
al. (1979) 

5 

86.8 

86.2 


cognitive function between narcotic-exposed and control infants. Hans 
(1989) found no overall differences in cognitive function; however, 
methadone-exposed children raised at the lowest SES level fared worse 
than control infants at the same low SES, suggesting that in utero 
methadone exposure may produce a biological vulnerability that is added 
to the stress of being raised in a disadvantaged social environment. The 
exacerbation of a biological vulnerability by nonresponsive caretaking or 
social disadvantage has been described in other studies. 

In a preliminary study of school performance of older heroin-exposed 
children, a different picture emerged. As many as 40 percent required 
special educational classes, and 25 percent needed to repeat one or more 
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grades (Wilson 1989). Behavioral dysfunction in the classroom was 
reported by teachers of 75 percent of the schoolage children. Teachers 
reported inattention and poor self-discipline in half the students. Deficits 
in attention among schoolage children exposed to methadone prenatally 
have also been described (Hans, in press). These preliminary 
observations, if replicated, suggest at least two possibilities. First, 
prenatal narcotic exposure may impair specific CNS-associated learning 
functions. Autonomic system regulating mechanisms also may be 
impaired, but may be difficult to identify until school age. Alternatively, 
childrearing by addicted or recovering mothers may be more 
dysfunctional than that of SES-matched mothers; over time, this may lead 
to the problems described above. It is also possible that both mechanisms 
play a role, illustrating the potential double jeopardy experienced by 
drug-exposed infants. 
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Clinical Management of Drug 
Dependency in Pregnancy 

James R. Woods, Jr. 


INTRODUCTION 

The urgency of substance abuse treatment in pregnancy is underscored by 
current estimates of substance usage. Alcohol abuse and cigarette 
smoking are widespread; cocaine’s decline has plateaued; marijuana use 
remains prevalent; and there now appears to be a resurgence in heroin 
use, which is due to both enhanced purity of this illicit drug and its 
greater availability (Gregg et al. 1988). 

Despite the debate regarding cause and effect, certain adverse obstetric 
outcome measures consistently appear in conjunction with substance 
abuse during pregnancy. Preterm births, small-for-gestational-age babies, 
meconium aspiration, and newborn irritability and tremulousness have 
each been associated with alcohol, heroin, cocaine, and marijuana 
(Bresnahan et al. 1991; Cohen et al. 1991; Day et al. 1991; Lutiger et al. 
1991; Roland and Volpe 1989; Spence et al. 1991; Zuckerman et al. 

1989). Moreover, the fact that in some communities substance abuse has 
been detected by questionnaire or screening in over 10 percent of the 
obstetric study population makes drug addiction among the most 
common disease entities identified in maternal-fetal medicine (Glantz and 
Woods 1993). 

The personal and financial costs of substance abuse are substantial. One 
study found that an estimated $500 million would be saved in the cost of 
obstetric and newborn care if cocaine abuse alone could be controlled 
(Phibbs et al. 1991). Abating adverse effects of alcohol and heroin could 
compound this savings even more. 

Formulating solutions to this widespread, largely unaddressed problem in 
obstetrics requires a clear understanding of barriers to care for pregnant 
substance abusers. The three most relevant barriers are the attitudes and 
behavior of substance-abusing women, the attitudes and lack of 
understanding of the pregnant addict by obstetric care providers, and the 
lack of coordination between obstetric care providers and those 
professionals involved in mental health and drug abuse treatment. 
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Attitude of Substance Abusers 


Focus group discussions with pregnant substance abusers reveal a 
personality profile of the addicted woman and her opinions of the health 
care system (table 1). When asked how it feels to be a pregnant 
substance abuser, this group expresses embarrassment, impatience, and 
apprehension. They complain that they get little respect and that the 
clinics are overbooked, hastily run, and not compatible with their 
schedules. When asked their opinion of drug treatment (table 2), they 
acknowledge that they have to hit bottom before they can consider 
seeking help. Moreover, they feel a lack of self-esteem each time they 
use drugs. They are deterred from attempting to overcome substance 
addiction by long waiting lists for entry into drug treatment, fear of the 
loss of custody of their children, and a lack of child care and 
transportation. Some women admit that they time their obstetric visits 
around their drug use in order to test drug free. Overall, they believe that 
obstetric care providers do not understand addiction or their personal 
problems. 

From these descriptions, a picture emerges of women who are suspicious 
of the health care system, impatient with the clinic arrangements, and 
limited in their activities by the lack of child care and transportation. The 
strongest motive for them to remain within the health care system is fear 
of losing custody of their children. A major deterrent to seeking intensive 
drug treatment during pregnancy is awareness that many drug treatment 
programs do not allow them to bring children into the facility overnight. 


TABLE 1. Opinions of pregnant substance abusers. 


How does it feel to be a pregnant substance abuser? 


Worried Fll lose my kids 

Impatient 

No respect 


Embarrassed 
Apprehensive 
Brushed aside 


I'm different if I'm Medicaid 
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Attitudes of Care Providers 


A number of barriers to care of the pregnant substance abuser reside 
within the attitudes and skills of care providers themselves. Few 
obstetric-gynecology (OB-GYN) residencies teach techniques of 
substance abuse history taking and directive counseling when there are 
affirmative answers to questions regarding substance abuse. 
Consequently, OB-GYN care providers remain insecure in this area of 
treatment and are likely to avoid direct questioning out of fear that they 
will be unable to respond appropriately to the answers. 


TABLE 2. Opinions of pregnant substance abusers. 


How do you really feel about drug treatment? 


Must hit bottom to seek help 
I hate the chaos of the clinic 
I time my drugs around clinic 
visits 

I have no transportation 


Self-esteem is gone when I shoot up 
Want to see the same person again 
I have no phone 

Don’t take my kids away, please 


An additional problem is lack of knowledge by OB-GYN care providers 
about community-based resources. Few are aware of available drug or 
alcohol treatment programs or how to establish a linkage with these 
programs, if a patient so desires. As a consequence, obstetric care 
remains isolated from alcohol or drug-abuse treatment, and there is little 
coordination of care. 

Care providers’ attitudes also remain a major obstacle to improving 
access to care for pregnant substance abusers (table 3). Beliefs that 
substance abuse is a “hopeless condition of helpless people,” that 
“substance abuse is a chronic problem and may even be more a crime 
than a disease,” and that “substance abuse is a problem of the poor and 
not middle class” limit intervention by OB-GYN care providers in this 
form of primary care (Chasnoff et al. 1990). Some professionals may 
also struggle with distinctly conflicting personal attitudes regarding illicit 
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TABLE 3. Physician attitudes. 


Why OBs don’t get involved. 

Drug abuse is a chronic problem Hopeless condition by helpless 

people 

Substance abuse is a crime, not 

a disease I'm not trained to handle this 

It doesn’t occur in my office (NIMO) 


drugs, such as heroin and cocaine, and licit drugs, such as alcohol and 
cigarettes. 


DEVELOPING A COMPREHENSIVE APPROACH TO 
SUBSTANCE ABUSE PREVENTION AND TREATMENT 
DURING PREGNANCY 

The ability to structure a successful perinatal program for substance- 
abusing women is within the domain of most community health 
organizations. Accomplishing this goal, however, requires coordination 
of many health care systems that may, under most situations, function 
independently of one another. It is this coordination of services, the 
creation of formal ties, that is the very foundation of a community-wide 
perinatal substance abuse program (DeLeon and Jainchill 1991; Giles et 
al. 1989) (table 4). 

Pregnancy Should Be Thought of as an Important Entry Point 
into Health Care for Substance Abusers 

Within the field of substance abuse treatment, some care providers view 
pregnancy as an abbreviated period on a much longer continuum 
involving drug and alcohol abuse and treatment. However, for many 
women, pregnancy is often the first contact with the health care system 
since childhood. Although the reasons for seeking health care during 
pregnancy are undoubtedly diverse, maternal concern that substance 
abuse early in pregnancy may have damaged or endangered the 
developing baby must be recognized as a powerful motivation. 

Moreover, peer pressure to seek prenatal care often is present, even when 
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TABLE 4. Important Elements of a Comprehensive Substance Abuse 
Program for Pregnant Women. 


CHALLENGES 

Use pregnancy as entry into health care 
Improve community-based outreach 

Enhance systems for transportation and 
child care 

Educate OB care providers and clinic staff 
on: 

1. Addiction 

2. Medical signs of substance abuse 
Standardize obstetric care 

Continuity of care 

Network OB services with drug treatment 
and mental health programs 

Build flexibility into an integrated 
outpatient-residential treatment program 

Identify and close gaps in health care 

Acknowledge mother-baby bond 

Contraception and GYN care 

Combine medical programs with career 
training resources in addict’s 
neighborhood 


OUTCOME 

Improved chances of recovery 

Early pregnancy detection and increased 
clinical attendance 

Better compliance 

Better rapport between addict and care 
provider 

Better clinic flow 

Decreased chance that health problems 
will be missed/overlooked 

Improved compliance 

Quicker access to needed services 

System is ready when patient is ready 

Reduce potential for losing women from 
substance abuse treatment programs 

Fewer dropouts; better parenting 

Better control over addict’s life decisions 

Fewer no-shows 
Establishes a future direction 


concerns regarding other health care issues appear lacking in the 
community. In table 5 many initial entry sites into prenatal care are 
illustrated. Because commencing early prenatal care may represent the 
single most important factor in reducing perinatal mortality, the 
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TABLE 5. Sites of entry into prenatal care. 


Child protective services 
Self-referral 
Settlement houses 
Outpatient treatment 
Emergency rooms 
Halfway houses 


School nurses 
Prison/jail 

Residential treatment 
Mental health clinics 
Homeless shelters 
HIV programs 


STD clinics 


importance of linking these community-based programs to obstetric 
services cannot be overstated. 

Community-Based Outreach Must Be Formalized and 
Expanded 

Although the value of facilitating entry of pregnant substance abusers 
into the health care system is uniformly accepted, methods for 
accomplishing this task differ among communities. Unfortunately, in 
many communities such protocols are nonexistent. This responsibility in 
the past has fallen to social service and nursing outreach personnel who 
identify and introduce this population into a health care system. Some 
communities have strengthened their outreach efforts by mobilizing 
former addicts as neighborhood or block leaders who identify pregnant 
substance-abusing women and facilitate their access to health care (Allen 
and Sandler 1993). 

Women with a history of substance abuse who have successfully 
negotiated pregnancy and substance abuse treatment to become drug free 
appeal - to offer a substantial resource to perinatal drug abuse intervention. 
These women often exhibit an earnest desire to participate in the same 
social system that enabled their recovery. Their impact as peers to other 
substance-abusing women during pregnancy can be enormous. Health 
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care professionals cannot accomplish this task without community 
support. Through schools, churches, and community organizations, a 
large army exists of willing nonprofessional participants in perinatal 
substance abuse treatment. The challenge for each community is to 
identify and organize these resources. 

Systems for Transportation and Child Care Must Be 
Expanded, and Locations for Prenatal Care Should Be 
Centralized 

Late entry into and poor compliance during prenatal care represent the 
greatest obstacles to adequate obstetric management (Knisely et al. 1991). 
In many communities, pregnant substance-abusing women, particularly if 
they are single with other children and of low socioeconomic status, find 
that multiple bus transfers are sufficiently difficult obstacles as to render 
access to prenatal care impossible. If sites for prenatal care of substance- 
abusing women were established in these women's neighborhoods, the 
need for elaborate transportation systems could be reduced and the 
compliance to health care increased. 

At these community-based sites, the effort to concentrate services for 
high-risk obstetric care and pediatric care logically would enhance the 
motivation of pregnant women to seek these types of resources. As 
described in a later section of this chapter, ultrasound and antepartum 
fetal surveillance as well as social support and nutritional counseling are 
only a few of many services which, if located at one comprehensive site, 
could enhance prenatal care of the substance-abusing woman. 

Obstetric Care Providers and Clinical Staff Must Be Educated 
in Addiction Medicine and Medical Signs of Substance Abuse 

Residency education in obstetrics and gynecology traditionally has 
concentrated upon technical procedures and medical management and has 
not emphasized counseling skills applicable to sensitive areas such as 
substance abuse, miscarriage, battering, or sexual abuse. OB-GYNs 
complete their training insecure in these areas. Thus, they are likely to 
choose, consciously or unconsciously, to avoid asking questions that 
reveal substance abuse or risks of physical or emotional abuse. For many 
obstetricians, their greatest fear is that a pregnant woman will say “yes” 
when asked if she uses drugs. If OB-GYNs examined their attitudes 
carefully, the importance of counseling for substance abuse and 
emotional or physical abuse would be obvious. Unfortunately, many 
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OB-GYNs hold attitudes that limit their ability to participate fully in this 
important area of high-risk obstetrics (Klein et al. 1993). 

The distinction between illicit drugs such as marijuana, cocaine, and 
heroin, and licit drugs such as nicotine and alcohol may create conflicts 
for the care provider: socially acceptable drugs may be a part of the care 
provider’s lifestyle. It is evident that smoking and alcohol abuse 
constitute the greatest risk to the developing fetus, both by sheer number 
and by documented impact upon the intrauterine environment and the 
fetus (Streissguth et al. 1983; Williamson et al. 1989). By tacitly 
condoning alcohol use and cigarette smoking even while condemning the 
use of illicit drugs, the care provider takes an ineffectual approach to 
major health risks and may, in fact, miss an important opportunity to 
engage in corrective actions that would benefit both the fetus and the 
pregnant woman. By improving the knowledge base from which care 
providers understand addiction, it is anticipated that they will diminish 
their image as unskilled in this area. 

The failure to engage OB-GYNs' efforts in the field of substance abuse is 
best illustrated by the fact that during three consecutive annual meetings 
of the American College of Obstetrics and Gynecology, postgraduate 
courses in substance abuse were offered. Invited speakers were 
nationally known, and the materials provided were appropriate and well 
developed. Despite these efforts, only 30 to 40 participants attended each 
of the three annual postgraduate courses. Yet other meeting rooms 
devoted to the technology of OB-GYN were fdled to capacity with 
standing room only. 

In the June 1993 issue of Clinical Obstetrics and Gynecology, one-half of 
the volume was dedicated to substance abuse in pregnancy. Contributors 
included experts in the field of marijuana, heroin, cocaine, and alcohol, 
and the collective results were both substantive and educational. 

However, when these individuals were asked to contribute each was 
reluctant, not because of lack of commitment to this field, but because 
they felt that OB-GYNs were not interested in this topic and would not 
read such contributions. The experts viewed their contributions as 
ceremonial but not substantive. In the end, they provided a significant 
resource in this area. 

In 1994, the fifth edition of Precis (a comprehensive text in obstetrics and 
gynecology for practicing clinicians preparing for recertification) for the 
first time included a primary and preventive health care section. As pail 
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of this edition, a small section on counseling for substance abuse and 
corrective measures is included. While only a beginning, this addition to 
mainstream education in obstetrics and gynecology marks an important 
new commitment by the American College of Obstetrics and Gynecology 
to substance abuse issues. 

Obstetric Care of the Substance Abuser Must Be 
Standardized 

Appropriate prenatal care of substance-abusing women requires that care 
providers recognize important risk factors in these women’s lives. 
Polydrug use is to be expected (Little et al. 1991). Moreover, many 
women contract one or more sexually transmitted diseases (STDs). 
Antepartum fetal monitoring and ultrasound evaluation of fetal growth 
may offer early identification of fetal risks for intrauterine growth 
retardation (IUGR), a recognized sequela resulting from use of cocaine, 
heroin, methadone, alcohol, or nicotine during pregnancy. 

In many institutions, a standardized approach (figure 1) to screening for 
these risk factors has resulted in a reduction in missed opportunities and 
overlooked care measures. As noted in figure 1, the emphasis is placed 
on those risk factors that are most specific to substance-abusing women. 
Early screening for STDs is a mainstay of this type of management 
(Nanda et al. 1990; Williams 1990). Additionally, with continued 
prenatal visits, the importance of drug screening emerges. Negative drug¬ 
screening results may be utilized by the care providers as a positive 
incentive to remain drug free and serves as evidence of the program's 
success. Positive drug-screening results may be used to direct counseling 
and mobilize additional resources to respond to this evidence of 
dysfunctional lifestyles. 

In this standardized approach, attention is directed to assessing fetal 
health and growth throughout the remainder of the pregnancy. 

Ultrasound provides the most available clinical method for tracking fetal 
growth. Estimated fetal weight as well as measurements of individual 
body parts (length of femurs, head and abdominal circumference) can be 
plotted and fetal growth monitored. Additionally, a number of tests are 
now available to assess the health of the fetus. Routinely, from 33 weeks 
until delivery, substance-abusing women may be followed with nonstress 
fetal heart rate testing as the simplest and most cost-effective triage 
method for assessing fetal health. In this test, the fetal heart rate is 
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FIGURE 1. Special Care OB Clinic for Chemically Dependent Women Management Flow Sheet. 
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recorded for a period of 20 minutes using a monitor placed on the 
maternal abdomen. During that period, a healthy fetus should exhibit at 
least two accelerations of fetal heart rate in conjunction with fetal 
movement. Figure 2 illustrates normal nonstress test results. This test is 
usually repeated on a weekly basis until delivery. 

When a nonstress test is not reassuring (i.e., when accelerations of the 
fetal heart are not seen during the 20 minutes of monitoring), fetal 
surveillance should be followed by one of several more intensive 
methods for scrutiny. The oxytocin challenge test represents one 
assessment of placental function and oxygen delivery to the fetus. When 
oxytocin is administered intravenously (IV) to the woman, most women 
respond with increased uterine contractions. An oxytocin challenge test 
requires that three uterine contractions be generated over a lo-minute 
period, during which time the fetal heart rate is monitored. Decelerations 
(slowing) of the fetal heart rate linked to each contraction represent an 
abnormal (or positive) oxytocin challenge test, an indication of fetal 
hypoxemia (low oxygen) or decreased placental reserve. 

An alternative test to the oxytocin challenge test is the biophysical 
profile. As is shown in table 6, this test consists of five measures of fetal 
function, each assessed by ultrasound during a 30-minute period. A 
cumulative score of 8 or 10 is consistent with acceptable fetal health. A 
biophysical profile score in the range of four to eight represents a 
borderline condition; if such a score is obtained near term, this indicates 
the need for delivery. If such a score is obtained earlier in pregnancy 
(30 to 36 weeks), the patient may be monitored continuously and a 
followup biophysical profile obtained within the following 12 hours. If a 
repeat test is again abnormal, consideration should be given to delivery. 
Finally, if the score for the biophysical profile is under four, irrespective 
of gestation, delivery should be considered. 

A new ultrasound technique, ultrasound Doppler measurement, has been 
developed within the past few year's in which the velocity of blood flow 
through the umbilical artery (the artery carrying blood from the fetus to 
the placenta) can be assessed. Normally, blood flows from the fetus 
through the placenta during the systolic phase (contraction or beating) of 
the fetal heart cycle at a rapid rate and at a slower rate during the diastolic 
(filling or resting) phase of the fetal heart cycle. Continuous blood flow 
through the placenta allows transport of oxygen and nutrients to the fetus 
and removal of carbon dioxide (CO,) and other cellular waste products 
from the fetal circulation. 
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FIGURE 2. A Reactive Nonstress Test. Note that fetal heart rate accelerations (top panel) occur 
during fetal movement (lower panel). 




























TABLE 6. Biophysical profile. 


Biophysical Variable 

Normal Score 

Abnormal (Score = 0) 

Fetal breathing movements 

At least I episode of FBM 

of at least 30 sec duration 

in 30 min observation 

Absent FBM or no episode 

of >30 sec in 30 minutes 

Gross body movement 

At least 3 discrete body/ 

limb movements in 30 min 

(episodes of active 

continuous movement 

considered as single 
movement) 

2 or fewer episodes of 
body/limb movements in 

30 min. 

Fetal tone 

At least 1 episode of active 

extension with return to 

flexion of fetal limb(s) or 
trunk. Opening and closing 

of hand considered normal 

tone 

Either slow extension with 

return to partial flexion or 

movement of limb in full 

extension or absent fetal 

movement with fetal hand 

held in complete or partial 

deflection 

Reactive fetal heart rate 

At least 2 accelerations of 

the fetal heart rates 115 

beats/minute of 15 seconds 

duration 

Less than 2 accelerations or 

decelerations <15 beats/ 

minute of 15 seconds 

duration 

Qualitative amniotic: fluid 

volume 

At least a pocket of 2cm in 

2 perpendicular planes 

No fluid or a pocket less 
titan 2cm in 2 planes 


Many clinical conditions such as poor nutrition, hypertension, and 
cigarette smoking are believed to adversely affect placental blood flow. 
Oxygen and nutrient exchange from maternal to fetal circulations are 
restricted, causing IUGR. Ultrasound Doppler measurement can detect 
these changes in placental blood flow, alerting the clinician to the risks of 
intrauterine fetal growth impairment. Since IUGR is the fetal condition 
most frequently associated with abnormal tests of fetal well-being and 
increased perinatal mortality, new techniques such as ultrasound Doppler 
are important additions to current tests of fetal health. 
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Continuity of Care in the Clinic Setting Should Be Maintained 


Focus groups of recovered addicts indicate that compliance with prenatal 
care can be enhanced if the pregnant substance abuser is able to see the 
same or only a small group of care providers during her prenatal care. 

This patient/care provider relationship establishes a level of confidence 
and trust that is often absent in large inner-city clinics, where care 
providers and patients remain strangers. 

It is true that the pregnant substance abuser often lacks the patience or 
even tolerance for treatment in large clinic settings. This fact must be 
used to reexamine and then reorganize the manner in which care is 
provided for substance-abusing women throughout pregnancy. Seeing a 
variety of doctors or other care providers with a range of abilities in 
addiction medicine is both disruptive and obstructive to the woman. 
Increased utilization of nurse practitioners and midwives with skills in 
interpersonal relations with substance abusers, in conjunction with 
physician supervision and direct participation, offers an appropriate 
model to enhance the opportunity for substance-abusing women to seek 
prenatal care and to continue their care throughout the pregnancy. 

Obstetric Services Must Be Networked Formally with Drug 
Treatment and Mental Health Programs 

Since many substance abusers suffer from impaired mental health, rapid 
access to treatment and counseling programs through appropriate 
community networking is essential. Unfortunately, most obstetricians are 
unaware of the impact of complex and multilayered interaction by social 
service personnel and other health care providers on patients who suffer 
from impaired mental health. Nevertheless, substance abuse and 
impaired mental status are linked by more than coincidence (James et al. 
1991), and formal liaisons between obstetric and mental health services 
should be created to facilitate communication across these professional 
disciplines. 

Flexibility Must Be Built into the Continuum of Outpatient and 
Residential Substance Abuse Treatment Programs 

Many substance abusers will not contemplate entering residential 
treatment or even intensive same-day treatment until they essentially have 
hit rock bottom. That decision is further complicated if the woman is 
pregnant and expecting to care for a newborn. It is evident from focus 
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group discussions with former substance abusers that the health care 
provider is not in the position to dictate that moment when a woman is 
capable of entering residential treatment for substance abuse. The 
relationship between outpatient substance abuse treatment programs and 
residential drug treatment programs therefore must be aligned carefully to 
capitalize on that moment when the woman is receptive to this type of 
intervention. Success in this endeavor will come about via careful and 
cooperative efforts between obstetric care providers and substance abuse 
treatment programs that allow the woman immediate access into 
residential treatment. 

Systems Gaps in Care of the Pregnant Substance Abuser 
Must Be Identified and Closed 

Despite attempts to offer comprehensive health care to pregnant 
substance abusers, gaps in care exist. Examples of these “systems errors” 
are as follows: 

• A pregnant heroin user wishes to end her addiction. There is no 
consensus as to how the fetus should be monitored to identify 
fetal withdrawal (Allen 1991; Hutchings 1990; Thornton et 

al. 1990; Wittmann and Segal 1991; Wolman et al. 1989; Zuspan 
et al. 1975). 

• A pregnant heroin addict is hospitalized and placed on 
methad one. Upon discharge, openings in outpatient methadone 
programs are limited, and the woman is placed on a waning list. 
Despite efforts to provide priority to methadone-using pregnant 
women, coordination between inpatient and outpatient 
methadone programs remains complex. 

• A pregnant heroin user on methadone is confined to jail. During 
that confinement, she is unable to receive her methadone due to 
restrictions regarding narcotics use in the penal system. She may 
be forced to withdraw from methadone without any monitoring 
of fetal health. 

The Power of the Maternal/Baby Bond Must Be Appreciated 
and Applied to Health Care 

Recovered addicts have helped the health care community to understand 
that one of their greatest fears is that their baby would be taken away 
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from them. Residential day treatment programs should be designed to 
allow a woman to bring her newborn into the residential treatment 
environment in order to access this level of intense substance abuse 
treatment. It is clear - that there is a revolution in care of pregnant 
substance-abusing women: the value of the matemal/baby bond is finally 
being recognized. This recognition is also an opportunity to enhance the 
effectiveness of substance abuse treatment while the patient is pregnant. 

Continuing treatment in the postpartum period while also making it 
possible for the woman to keep her baby with her is an initial step in 
strengthening the parenting skills that will be required over the next few 
years. Programs that focus upon only pregnant or postpartum women 
without their babies, disregarding the major significance of having a 
baby, will find that the recidivism rate is high and the numbers of 
successful encounters few. Most programs are not capable of allowing a 
woman to keep older children with her over a 24-hour period. Some, 
however, have developed successful visitation programs or day-care 
programs to emphasize the importance of the parent/child relationship in 
the overall scheme of substance abuse treatment. 

Contraception and Gynecological Care Must Be Available as 
Part of an Integrated Program for Pregnant Substance- 
Abusing Women 

Since an unexpected subsequent pregnancy is the worst outcome of drug 
treatment during a target pregnancy, programs should be developed to 
help case managers guide postpartum patients to use an effective 
contraceptive program. This approach provides the woman with control 
over her reproductive health and timing of any subsequent pregnancy, 
thus helping prevent pregnancy if she chooses, not if health care and 
contraceptive counseling have failed. 

Career Training Programs Must Be Established at Locations 
Adjacent to Health-Care Programs 

It is evident that women who are substance abusers have dysfunctional 
lifestyles and poor self-esteem. They frequently lack basic skills that 
would permit them to enter the workforce as contributing members of 
society. Drug abuse does not arise in a vacuum. Likewise, substance 
abuse treatment cannot succeed effectively in a vacuum. It must, instead, 
be linked to other support systems that are designed to help the woman 
establish a stable lifestyle, a sense of responsibility, and a means to 
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become self-sufficient. Colocating pregnancy and substance abuse 
treatment with facilities capable of providing onsite schooling, child care, 
and career development courses enhances the possibility that this 
comprehensive approach will succeed. For many women who overcome 
substance abuse, a drug-free life is hindered by low self-esteem and lack 
of professional skills. Linking health care centers with career training 
programs is important in offering a life path for these women. 


SUMMARY 

In summary, the pregnant substance abuser challenges formal 
coordination between community-based programs in obstetrics, 
pediatrics, drug and alcohol treatment, and mental health. Moreover, 
since substance abuse often is a manifestation of a dysfunctional lifestyle, 
medical treatment must be linked to education and ultimately, career 
planning. Some wish that the problem would just go away. Others may 
feel that the problem is too enormous or too vague for solutions. Neither 
of these attitudes is appropriate. Identifying and mobilizing the pregnant 
substance abuser into health care is truly a window of opportunity. 
Successful rehabilitation into a drug-free lifestyle for the woman and her 
baby is the reward for this effort. 
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Methadone Use During Pregnancy 

Margaret A.E. Jarvis and Sidney H. Schnoll 


INTRODUCTION 

Since methadone was first reported as a treatment for opioid-dependent 
addicts it has been associated with considerable controversy and with 
loyal supporters and detractors. The use of methadone in pregnant 
opioid-dependent women has been at least as controversial. The 
controversy has become even more critical as the number of addicts with 
human immunodeficiency vims (HIV) infection has increased, and is 
heightened by the fact that over 70 percent of pediatric acquired 
immunodeficiency syndrome cases occur in children bom to drug-using 
women or women who have sexual relations with drug-using men. 
Therefore, it is increasingly important to employ all methods available to 
reduce drug use in pregnant women in order to reduce the risk for HIV 
infection, and ultimately to reduce the risk for transmission of HIV to the 
fetus and newborn. 

This chapter explores issues around the use of methadone in pregnant 
opioid addicts by reviewing research on the use of methadone and also 
describes methods of placing women on methadone, altering the dose 
during pregnancy, and, when appropriate, how to withdraw women from 
methadone during pregnancy. 


METHADONE MAINTENANCE 

Methadone is the only medication currently used for the treatment of 
pregnant opioid addicts. As a result of studies done in the late 1960s and 
early 1970s, methadone maintenance is the standard of care for the 
pregnant opioid addict. Much of this work was performed in centers 
offering comprehensive services: obstetric, medical, and psychiatric care; 
case work; and individual, group, and family counseling. Studies done at 
the Philadelphia General Hospital’s Family Center showed that birth 
weights were increased and the incidence of preeclampsia was reduced in 
opioid addicts placed on methadone doses sufficient to suppress craving 
(Finnegan 1978). These women received good prenatal care compared 
with those receiving no chemical dependency treatment. The incidence 
of low birth weight in the groups of addicts treated with methadone was 
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not significantly different from nonaddicted controls. The incidence of 
neonatal withdrawal was reduced in the methadone-maintained group; 
however, of the infants who went through withdrawal, a higher 
percentage of the neonates of methadone-maintained mothers underwent 
moderate withdrawal as compared with the untreated addicts whose 
infants went through severe or mild withdrawal (Connaughton et al. 

1975, 1977; Finnegan 1978). 

A study at the Albert Einstein Hospital in New York involving patients 
whose prenatal care and chemical dependency counseling were provided 
in different institutions demonstrated that methadone-maintained women 
tended to get more prenatal care than those on heroin, though less care 
than the nonaddicted controls. Mothers taking either heroin or 
methadone during pregnancy tended to give birth to lower birth weight 
infants than nonaddicted mothers. There was no difference in the infants’ 
Apgar scores, although there was increased meconium staining in the 
infants born to heroin-dependent mothers. While the total number of 
infants exhibiting neonatal withdrawal did not differ between heroin- and 
methadone-taking groups, those bom to mothers on methadone had more 
diarrhea and significantly more seizures. This was not found to be related 
to maternal methadone dose, however (Kandall et al. 1977). 

A report from the Illinois Drug Abuse Program compared women taking 
heroin with women on methadone maintenance and a variety of 
psychosocial supports. The incidence of fetal wastage (stillbirth, 
abortion) was much higher in the group that received only methadone, 
even in comparison with heroin-complicated pregnancies. The group of 
infants born to heroin-dependent women had a significantly greater 
incidence of low birth weight than other groups. The incidence of 
neonatal withdrawal requiring treatment increased significantly with 
higher maternal methadone dose. Importantly, the authors reported 
higher treatment retention in the groups receiving increased psychosocial 
support (Davis et al. 1975). 

A similar study in Australia revealed increased duration of gestation in 
methadone-maintained women when compared with heroin users. The 
treatment did not increase the number of antenatal visits that the addicted 
women kept, nor did it cause any substantial increase in the size of the 
babies or decrease the medical and obstetrical complications that the 
addicted mothers suffered. It is not clear - how much psychosocial support 
was offered in the program (Giles et al. 1989). 
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The available clinical studies demonstrate that methadone maintenance at 
an appropriate dose, when combined with prenatal care and a 
comprehensive program of support for the pregnant addict, can 
significantly improve fetal and neonatal outcome. 


EFFECTS ON OFFSPRING 
Animal Studies 

Though methadone maintenance is the treatment of choice for the 
pregnant opioid addict, there are potential physiological, teratological, 
and psychological consequences that can result from its use. In contrast, 
the effects of continued heroin use, often in conjunction with other drugs 
such as cocaine, alcohol, nicotine, and marijuana, and the lifestyle 
associated with addiction can result in more severe consequences such as 
fetal demise. Little of the research in defining the effects of methadone 
and other drugs on the fetus has been done in humans; therefore, results 
from animal studies are presented here. 

Elaborate surgical means have been used to study the effect of 
intoxication and withdrawal in pregnant ewes. Infusion of morphine into 
pregnant ewes did not alter heart rate, blood pressure, or arterial blood 
gasses in either ewe or fetus. Naloxone was then infused separately into 
the maternal and fetal circulations. This precipitated abstinence caused 
an increase in fetal systolic and diastolic blood pressures, decreased fetal 
heart rate, decreased fetal arterial oxygen partial pressure (p0 2 ), and 
decreased arterial pH and meconium staining of amniotic fluid. Injection 
of naloxone into the mother produced similar changes in the fetus, 
although these responses followed injection by several minutes (Cohen et 
al. 1980). Umans and Szeto (1985) demonstrated that morphine infusion 
into the fetus altered fetal function, but the most severe alterations 
resulted from naloxone-precipitated abstinence. Morphine at low doses 
caused a desynchronization of the electroencephalogram (EEG), 
increased nuchal and body tone, increased body and eye movement, 
increased heart rate, and increased variability of heart rate. Higher doses 
reduced all of these parameters below normal except body movements. 
Naloxone-precipitated abstinence from low doses of morphine caused 
desynchronization of the EEG, reduced heart rate, and increased rate and 
depth of breathing. After high doses of morphine, naloxone infusion 
induced increased diastolic and systolic blood pressures, increased pulse 
pressures, and decreased heart rate and meconium staining of the 
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amniotic fluid. A second precipitated abstinence was attempted 24 hours 
after the first with similar but less severe results. 

Fertilized chicken eggs have also been used for similar studies. The 
chorioallantois was injected with N-desmethyl-L-a-acetylmethadol 
(NLAAM), an active metabolite of L-or-acetylmethadol (LAAM), on the 
third day of incubation. On day 19 of incubation, the egg was injected 
with either saline or naloxone. Treatment with naloxone alone or 
NLAAM alone had no effect on the hatchability of eggs, but naloxone 
treatment after NLAAM administration reduced hatchability. Fetal 
movements were recorded and revealed that fetuses treated with NLAAM 
showed less movement than controls while treatment of the same fetuses 
with naloxone caused increases in movement compared to controls 
(Kuwahara and Sparber 1981). 

A similar paradigm using morphine instead of NLAAM showed a 
difference between precipitated and gradual withdrawal. Fetuses were 
treated with morphine and allowed to withdraw gradually by stopping the 
morphine doses or underwent precipitated withdrawal by treatment with 
naloxone. Gradual withdrawal caused no change in motility or 
hatchability, while precipitated withdrawal did increase mobility. After 
hatching, morphine-tolerant chicks did not exhibit altered frequency of 
distress vocalization upon morphine treatment, but both morphine-naive 
and withdrawn chicks showed a reduction in distress vocalization with 
morphine treatment (Newby-Schmidt and Norton 1983). 

A study of rats exposed to opioids in utero showed both low birth weight 
and reduced litter size in rats withdrawn from opioids. One group of 
females rats received LAAM starting 3 weeks before mating, and another 
group was stalled at conception; naloxone was then administered 
subcutaneously starting at day 14 of gestation. In rats who received 
naloxone, the birth weight and total body length of the pups was reduced, 
and the total litter size was reduced, as compared with rats that did not 
receive naloxone (Blinick et al. 1969). In rats exposed to varying doses 
of methadone and buprenorphine before breeding and during gestation, 
the rate of conception was decreased as compared with controls. There 
was decreased neonatal survival in the litters exposed to buprenorphine. 
The pups born of these pregnancies were decapitated at age 21 days and 
the levels of Met- and Leu-enkephalin were measured. The only drug 
effect noted was a decrease in striatal content of both enkephalins in the 
rats exposed to high doses of methadone in utero (Tiong and Olley 1988). 
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The effects of methadone maintenance on neurotransmitters and receptors 
in fetal brain have been examined in rats. Wang and colleagues gave 
pregnant rats methadone or water, and the pups were then fostered to 
dams who were also implanted with either water or methadone pumps; 
this treatment produced changes in hypothalamic and cortical expression 
of adrenergic receptors in the pups. Methadone exposure before or after 
birth caused decreased numbers of a,-receptors in the cortex. Methadone 
exposure before birth caused decreased numbers of 8 and p opioid 
receptors in the hypothalamus and decreased 8 opioid receptors in the 
cortex. If methadone exposure was continued after birth, an additional 
decrease in p receptors was seen in the cortex. No change in 
hypothalamic a-adrenergic receptors was seen as a result of methadone 
exposure (Wang et al. 1986). 

A study of the effects of methadone maintenance on the development and 
activity of 6-adrenergic receptors revealed the presence of both 6 r and 
6 2 -receptors in rat placenta and maternal cortex. Term fetal whole 
brain (with the exception of cerebellum) was found to contain only 6 r 
receptors. There were no changes in B-receptor population or function in 
any of the organs after methadone exposure for 13 days (Darmani et al. 
1991). A similar study in which neurotransmitters were measured in 
4-day-old rats exposed to methadone in utero showed a decrease in 
striatal acetylcholine in all exposed pups. There were some gender- 
specific changes, with drug-exposed male rats having an increase in 
striatal serotonin and hindbrain acetylcholine and drug-exposed female 
rats having increased hippocampal acetylcholine (Guo et al. 1990). Rats 
exposed to methadone in utero showed an increase in analgesic response 
to morphine at the fourth day of life as compared with controls, but at day 
21 the analgesic response was decreased (Enters et al. 1991). 

The presence of naloxone has been shown to exacerbate significantly the 
effects of hypoxia on fetal heart rate, blood pressure, ventricular output, 
and placental blood flow in the opioid-naive fetal lamb (LaGamma et al. 
1982), suggesting that endogenous opioids may normally serve to protect 
against hypoxia. 

Fetal lambs were exposed to varying doses of morphine (0.75 milligrams 
per hour [mg/hr]-80 mg/hr) for 2 hours, and the breathing movements 
were monitored. The breathing rates exhibited a biphasic curve, with 
doses of morphine 1.5-2.5 mg/hr causing increased breathing movements 
and doses over 2.5 mg/hr causing decreased breathing movements. At 
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the highest dose, 80 mg/hr, all subjects experienced apnea (Szeto et al. 
1988b). 

Tachycardia has been observed during exposure to varying doses of 
morphine in the fetal lamb. The percentages of the population 
responding with tachycardia as a function of dose described a Gaussian 
distribution. The authors showed that either a functional antagonism 
model or a noncompetitive inhibition model could be invoked to explain 
these results (Zhu and Szeto 1989). 

Taken together, these findings support the conclusion that opioids protect 
against the response to hypoxia by causing increased heart rate and fetal 
breathing movements. This effect only occurs at low doses, however, 
and at high doses bradycardia and hypopnea result, perhaps due to some 
change in interaction of opioid with opioid receptor. 

A study of sleep-wake cycles in fetal lambs showed that an initial 
response to chronic morphine exposure was an increase in the time spent 
in arousal; this phenomenon attenuated with continued exposure, and 
there was a return to cyclicity within 7 days. Withdrawal also resulted in 
increased arousal (Szeto et al. 1988a). 

These studies demonstrate the need for further investigation of opioids’ 
effects on the developing fetus. However, it is clear that the most 
devastating consequences of opioid use during pregnancy occur with 
repeated episodes of intoxication and withdrawal. This lends support to 
the importance of stabilization on a dose of a long-acting narcotic to 
prevent wide fluctuations in blood levels. 

Human Studies 

Many gaps exist in researchers’ knowledge of the effects of methadone 
on pregnancy and the fetus. The animal studies are sparse, and there are 
even fewer human studies. Zuspan and colleagues (1975) published a 
clinical case report of elevations of amniotic fluid epinephrine and 
norepinephrine levels during a slow withdrawal. It should be noted that 
this report described only one case, and it is not clear how accurately 
amniotic fluid levels reflect fetal distress. 

Solish and colleagues (1976) investigated the effects of methadone 
maintenance and withdrawal on several markers of maternal-fetal 


63 



well-being in humans. The level of placental heat-stable alkaline 
phosphatase as measured in blood (which increases with stress and rises 
normally during the third trimester) showed no statistically significant 
differences between methadone-maintained pregnancies, controls, and a 
small number of withdrawn mothers. There was some indication, 
however, that heat-stable alkaline phosphatase may be elevated in women 
who receive methadone doses greater than 60 mg/day. 

A study of the endocrine effects of methadone maintenance in pregnancy 
showed that the early morning dehydroepiandosterone sulphate (DHEAS) 
level was reduced in methadone-maintained pregnant women as 
compared with nondrug-using pregnant women. The circadian 
fluctuation of DHEAS levels was observed only in the second and third 
trimesters during methadone maintenance. In methadone-maintained 
women, the third trimester level of estriol was reduced compared with 
controls. No differences in levels of cortisol or human chorionic 
somatomammotropin were seen. This suggested that adrenal function is 
disturbed by opioid use and that the fetal adrenal gland is more disturbed 
than the maternal adrenal gland (Facchinetti et al. 1986). The authors 
suggested that estriol levels therefore may not be a useful marker of fetal 
well-being in opioid-exposed pregnancies. 

Very little is known about the pharmacokinetics of methadone during 
pregnancy in humans. Kreek and colleagues (1974) published studies of 
one woman and her infant that suggested that methadone metabolism 
might be accelerated during late pregnancy. This study was expanded to 
nine more patients in 1984, and the finding of accelerated methadone 
metabolism was confirmed (Pond et al. 1985). The authors suggested 
that increasing the dose of methadone might be necessary to prevent 
withdrawal symptoms late in pregnancy. 

Methadone Withdrawal 

At the Family and Maternity (Tire Program of the State University of 
New York, a small number of heroin addicts were treated with 
withdrawal or methadone during pregnancy. This program offered 
intense psychosocial support and several modalities of methadone 
maintenance and detoxification. Approximately half of the patients 
refrained from illicit drug use during and after treatment. Six of 5 1 
women were withdrawn from opioids by the time of delivery. Obstetrical 
and medical complications were well controlled. There was a significant 
incidence of low birth weight infants and almost universal neonatal 
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withdrawal (94 percent), except in the withdrawn women. There was no 
correlation between methadone dose and the severity of neonatal 
withdrawal, nor was there any mention in the report of how methadone 
withdrawal compared with maintenance in outcome of pregnancy (Harper 
et al. 1974). 

In the methadone maintenance treatment program of the Bernstein 
Institute in New York, the incidence of low birth weight was lower in 
infants bom to methadone-maintained mothers as compared with infants 
bom to mothers who underwent withdrawal. The doses of methadone 
given were intended to prevent craving and were in the range of 80 to 
140 mg per day. Approximately two-thirds of the infants underwent mild 
or moderate withdrawal. Fourteen of these children were followed for 
4 years and were found to be developing normally physically. It is 
unclear how much psychosocial support was offered by the program 
(Blinick et al. 1969; Wallach et al. 1975). 

A study at the University Hospital Rudolph Virchow, Free University of 
Berlin reported on outcomes of 75 pregnancies: 17 untreated opioid 
addicts, 58 treated. Of the 58 treated addicts, 17 were completely 
withdrawn by the time of delivery and had not relapsed in their drug use. 
They were withdrawn over a 2- to 8-week period as outpatients, with 
daily contact during that time. The level of psychosocial support was not 
addressed in the report. The incidence of neonatal abstinence was 
decreased significantly by participation in the withdrawal program. In 
addition, treatment resulted in increased length of gestation, with 
resulting normalization of intrauterine growth (Maas et al. 1990). 

It is clear that any treatment of opioid addiction positively influences the 
outcome of pregnancy. It is possible that higher doses of methadone 
result in increased severity of neonatal withdrawal, making low-dose 
treatment or abstinence preferable for those addicted mothers who can 
tolerate these treatments. Little has been done to investigate the specific 
effects of tapered withdrawal on the fetus and infant, and thus the 
treatment options for these women have been limited. The difficulty that 
addicts have in remaining drug-free has been an impediment to tapered 
withdrawal, but some motivated addicts are capable of abstinence (Harper 
et al. 1974; Maas et al. 1990). Intense psychosocial support seems to be 
helpful in all of these processes (Harper et al. 1974; Panepinto et al. 

1977). If psychosocial support is not offered, there is a tendency to lose 
women from the program (Blinick et al. 1969). 
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Although abstinence from drug use during pregnancy may seem to be an 
ideal goal, it is evident that most pregnant addicts cannot remain drug- 
free after withdrawal. Relapse could result in a continual cycling from 
intoxication to withdrawal with wide variation in the blood levels of 
opioids and other drugs. This cycling, along with the effects of multiple 
drug use, appears to have severe consequences for fetal development. 

The return to street drug use also increases the risk of infection with HIV, 
hepatitis, other sexually transmitted diseases (STDs), and numerous other 
medical complications resulting in the potential for adverse effects on the 
fetus. Methadone maintenance at the appropriate dose prevents this 
cycling and reduces the risk of the medical consequences of street drug 
use. 

Postnatal Effects of Prenatal Exposure 

All of the commonly used opioids can produce a neonatal abstinence 
syndrome in infants born to addicted mothers. The neonatal abstinence 
syndrome combines the symptoms of the adult withdrawal syndrome 
with irritability, poorly coordinated sucking and, in the most severe cases, 
seizures and death. However, if abstinence is appropriately recognized, 
assessed, and treated promptly, severe complications such as dehydration 
and seizures occur rarely, and infant mortality should not occur. 

With the doses used to suppress craving and withdrawal, methadone can 
cause a moderately severe syndrome. This syndrome generally has been 
found to be more severe than the syndrome seen in infants of heroin 
addicts, but it is most likely that this is a function of the impurity of the 
heroin available on the streets rather than a true pharmacologic difference 
between the two drugs. At methadone doses of less than 20 mg per day, 
little or no incidence of neonatal abstinence is seen (Madden et al. 1977). 
However, the consequences of administering adequate methadone doses 
to eliminate illicit heroin use (a major factor in contracting infectious 
diseases such as HIV and hepatitis) may be less risky than the inadequate 
pharmacological doses of methadone often provided to pregnant women. 

The most recent work investigating the relationships between blood 
levels and withdrawal symptoms showed that there are significant 
correlations between maternal dose and plasma level 16 hours 
postpartum, between the maternal postpartum level and the infant’s 
plasma level on day 1 of life, and between the rate of decline of 
methadone level in the fetal blood and the severity of neonatal 
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withdrawal symptoms in the central nervous system (i.e., seizures, 
irritability) (Doberczak et al. 1993). 

Earlier studies had similar results. Offidani and colleagues (1986) found 
correlations between umbilical cord plasma methadone level and severity 
of neonatal withdrawal, umbilical cord plasma methadone level and 
maternal plasma methadone level, and maternal methadone dose and the 
severity of neonatal withdrawal. No neonatal withdrawal was seen if 
mothers were drug-free by delivery. Harper and colleagues (1977) saw 
that severity of withdrawal was positively correlated with total maternal 
methadone ingestion in the final 12 weeks of pregnancy, the daily dose at 
delivery, and maternal serum level at delivery. There was no correlation 
found between severity of withdrawal and drug levels in fetal urine or 
cord blood. 

There has been speculation that substance abuse during pregnancy may 
result in sudden infant death syndrome (SIDS). A 1990 report based on 
the Los Angeles County Population found an incidence of 8.87 per 
1,000 for SIDS in infants bom to mothers who used any combination of 
phencyclidine, amphetamines, cocaine, or opioids as compared with an 
incidence of 1.22 per 1,000 in infants born to nonsubstance-using 
women. The variability in SIDS incidence due to gender, race, and 
season that was seen in infants of nonsubstance-abusing women 
disappeared in the exposed infants. In addition, exposed infants were 
reported to have had more premorbid apnea than unexposed infants 
(Ward et al. 1990). A less powerful study showed increased rates of 
SIDS in infants born to both polysubstance-abusing women and 
methadone-maintained women when compared with infants of 
nonabusers (Rosen and Johnson 1988). The etiologies that have been 
ascribed to SIDS are myriad, and while substance abuse may contribute, 
no cause-and-effect relationship has been defined. 

A comparison of two groups of children with differing severity of 
neonatal withdrawal syndrome showed no significant difference in 
cognitive functioning as measured with the Bayley Scale of Mental 
Development at 6 months of age. In those children who had severe 
withdrawal, treatment was implemented with any of several medications, 
and withdrawal was controlled. Comparison of the childrens’ 
development based on the medication used to control withdrawal also 
revealed no significant differences (Kaltenbach and Finnegan 1986). 
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When compared to nondrug-exposed children, the development of 
children exposed to methadone in utero is not fully delineated at this 
time. At age 6 months, there was no significant difference found between 
the two groups of children on the Bayley Scale of Mental Development 
(Kaltenbach and Finnegan 1987). At age 2 year's, however, 
measurements on the Bayley Scale of Mental Development, Bayley Scale 
of Psychomotor Development, and Infant Behavior Record showed that 
the drug-exposed children were smaller and more tense, with poor 
psychomotor development (Hans 1989). The effects of maternal 
intelligence quotient, socioeconomic status, and medical/obstetrical 
complications were controlled statistically and were found to cause 
variation in components of development (Hans 1989). Some evidence 
has been found to suggest that strabismus may occur more frequently in 
children exposed to methadone in utero than in unexposed children 
(Nelson et al. 1987). 


CLINICAL CARE OF THE METHADONE-MAINTAINED 
PREGNANT ADDICT 

It has been well documented that the most effective treatment for 
pregnant addicts is delivered in well-coordinated, multidisciplinary 
treatment settings, In addition to methadone and other treatment for the 
addiction, good obstetrical and medical care should be provided. 
Education about nutrition, parenting, and the need for strong, healthy 
psychosocial support systems are considered important components of 
treatment, as are individual, group, and family counseling. Social service 
advocacy is also critical. There are indications that, without these 
extensive services, the outcome of treatment will be less than satisfactory. 
However, there are no studies documenting the efficacy of these 
additional services. Research opportunities exist for investigating the 
nature and the efficient use of essential support services. 

In addition to the concern about opioid use, it has become increasingly 
apparent that women who are abusing any one drug during pregnancy are 
also likely to be using other drugs with dependence liability. Thus, these 
patients should be monitored for use of alcohol, cocaine, nicotine, 
benzodiazepines, other sedative-hypnotics, and the other myriad drugs 
with abuse potential. All of these can have potential effects on pregnancy 
and neonatal outcome. 
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Medical care should be provided to ensure adequate progression of the 
pregnancy. There should be routine examination for STDs, including 
hepatitis and HIV infection. In most instances, prenatal care should be 
provided in an obstetrical setting where there is easy access to advanced 
technology and expertise in diagnosis and treatment. As in all 
pregnancies in general, addicted pregnant women should receive 
thorough physical examinations with complete medical histories and 
comprehensive laboratory studies. If the pregnancy occurs while a 
woman is already in a methadone maintenance program, then the use of 
methadone should be continued throughout the pregnancy. However, it 
may be the necessary to alter the dose of methadone later in pregnancy, as 
described later in this chapter. 

If an addicted pregnant woman presents for care and has not been on 
methadone, it is necessary to determine the appropriate dose of 
methadone to block withdrawal and reduce her craving. This can often 
be a difficult process and may take several weeks before the appropriate 
dose of methadone is achieved on an outpatient basis. If it is possible to 
hospitalize the patient for a brief time, the dose of methadone can be 
established more rapidly. Upon entering the hospital, the woman should 
be assessed very carefully for any signs of opioid withdrawal as outlined 
in table 1. A careful history of the previous 24 hours' use of opioids will 
give some information as to the average dose of opioids being taken on 
the street and the time at which the last dose was taken. This information 
is helpful in establishing the maintenance dose and predicting withdrawal 
response. Opioid withdrawal can appear within 6 to 12 hours of the last 
dose taken. If the patient has reported the last use of short-acting opioids 
over 6 hours ago and is not showing significant signs of withdrawal, then 
it can be anticipated that the withdrawal syndrome will be mild. On the 
other hand, if the withdrawal symptoms are beginning to appear within 
6 hours, then there may be a more severe withdrawal syndrome. 

By monitoring the patient for the signs and symptoms described in 
table 1, the amount of methadone necessary to suppress withdrawal can 
be determined. If the total score is 4 or less, no methadone is given. For 
a score of 5, 5 mg methadone is administered. Higher scores require an 
equivalent dose of methadone (e.g., a score of 8 = 8 mg methadone). 

After 24 hours the total amount of methadone administered is determined, 
and identical doses of methadone are given during the second 24-hour 
period. At the end of the second 24-hour period, a tapered withdrawal 
may be initiated by reducing subsequent 24-hour total doses by 
10 percent of the total dose given in the first 24 hours (e.g., if a total of 
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TABLE 1. Objective rating of opioid withdrawal signs used to calculate 
methadone dosage every 6 hours. 


SIGNS OF NOT MILDLY STRONGLY 

WITHDRAWAL PRESENT PRESENT PRESENT 

( 0 ) ( 1 ) ( 2 ) 


Pupillary dilation 

Rhinorrhea 

Lacrimation 

Piloerection 

Nausea or 
vomiting 

Diarrhea 

Y awning 

Cramps 

Restlessness 

Subjective 

evaluation 


50 mg was given in the first 24 hours, 45 mg may be administered over 
the third 24-hour period, 40 mg during the fourth 24-hour period, and so 
forth). 

Once the amount of methadone necessary to block withdrawal is 
determined, the dose of methadone is increased to full blocking dose. 
This dose increase can occur while the woman is an outpatient, though 
the patient should be monitored daily to determine the dosage 
adjustments. 

There has been considerable discussion of the merits of high-dose versus 
low-dose methadone treatment of opioid dependence. Philosophical 
differences have been presented; however, the evidence currently 
available seems to indicate that higher doses are more efficacious in the 
reduction of illicit drug and needle use. These factors are especially 
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important for the reduction of HIV infection. However, there is some 
evidence that lower doses of methadone can result in less neonatal 
abstinence. 

Methadone maintenance is traditionally given in once-daily dosages. 

This regimen seems to be sufficient to block withdrawal in most 
individuals. However, there is evidence that this may not be the case in 
pregnant women, particularly in later states of pregnancy. Szeto and 
colleagues (1982a) have demonstrated in animals, and Kreek and 
colleagues (1974) and Pond and colleagues (1985) have shown in 
humans, that the methadone blood levels fall more rapidly in the later 
stages of pregnancy, resulting in the onset of an abstinence syndrome 
prior to the next dose of methadone. It has, therefore, been recommended 
that the appropriate approach to this change in blood levels is to increase 
the dose of methadone in the later stages of pregnancy. However, more 
recent evidence (Wittman and Segal 1991) demonstrated that splitting the 
dose of methadone into a twice-daily schedule produced better results by 
reducing fetal stress and increasing the comfort of the pregnant woman. 
The authors’ clinical experience has indicated that split doses can be very 
effective in offsetting the altered metabolism of methadone in the latter 
stages of pregnancy. 


WITHDRAWAL FROM METHADONE DURING PREGNANCY 

In recent years, there has been mounting pressure by regulatory agencies 
and others to limit the amount of time that an individual can be on 
methadone, therefore encouraging withdrawal from methadone. These 
pressures have produced intense discussion regarding the efficacy of 
withdrawal of pregnant women from methadone. As previously stated, 
there are limited studies of the outcome of this approach, its appropriate 
implementation, and whether it should be implemented at all. The 
current belief among most practitioners involved in the treatment of 
pregnant addicts is that methadone should be maintained throughout 
pregnancy to reduce the possibility of return to drug use and, in 
particular, to reduce the risk of HIV infection. In addition, the use of 
methadone during pregnancy enables the practitioner to remain in much 
more frequent contact with the pregnant woman than would normally 
occur if she were not on methadone. However, extenuating circum¬ 
stances may require a woman to be withdrawn from methadone during 
pregnancy. There are four reasons to consider withdrawal of the pregnant 
addict from opioids. 
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1. The patient refuses to be placed on methadone maintenance; 

2. The patient lives in an area where methadone maintenance is not 
available; 

3. The patient has been stable during treatment and requests withdrawal 
from methadone prior to delivery; and 

4. The patient has been so disruptive to the treatment setting that the 
treatment of other patients is jeopardized, necessitating the removal 
of the patient from the treatment setting. 

In the case of the woman who meets one of these criteria, the risks of 
withdrawal should be clearly explained prior to the initiation of 
withdrawal, particularly the risk of returning to drug use and its 
consequences. The conventional wisdom has been that women should 
only be withdrawn during the second trimester of pregnancy, that 
withdrawal during the first trimester will result in spontaneous abortions, 
and that withdrawal in the third trimester may result in premature 
delivery. Despite these widely held beliefs, there are no reports in the 
literature to document or support these contentions. 

Recent anecdotal reports from a number of centers, including the work of 
one of the authors (SHS), indicate that withdrawal can occur during any 
trimester of pregnancy without undue risk to mother or fetus if carried out 
in a controlled fashion. It is important to keep in mind that if a woman is 
to be withdrawn, withdrawing her, placing her back on methadone, and 
then potentially withdrawing her again may be more detrimental to the 
fetus than either maintaining her on methadone or, if she can remain 
abstinent, keeping her in a drug-free state. As previously described, 
cycling on and off of the drug is more detrimental than the maintenance 
of constant blood levels, whatever that level may be. 

As with all withdrawals from drugs of abuse, it is strongly recommended 
that this be done in a blind fashion so the patient is not aware of the dose 
or the speed at which the dose is reduced. This can be accomplished by 
providing the medication in liquid form in a fixed volume, diluted with 
juice or some other vehicle so that the patient receives the same volume 
of liquid each day throughout the withdrawal period. 

When a decision has been made to withdraw a pregnant woman, it is 
important to provide intensive psychosocial support during this period to 
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deal with any discomforts, fears, or concerns that may arise. In an 
inpatient setting where more intense support can be provided, withdrawal 
can proceed at a rate of 2.5 mg decrease in dose of methadone per day. 

In an outpatient setting where less support is available, it is recommended 
that the withdrawal proceed at a rate of no more than 10 mg decrease in 
dosage per week. The patient should be monitored daily for signs of 
withdrawal and any changes in fetal activity or heard rate, and the rate of 
withdrawal should be adjusted to meet changing clinical situations. 

Again, it should be emphasized that although it is possible to withdraw 
women from methadone during pregnancy, it is not the recommended 
therapeutic intervention at this time. 


CONCLUSIONS 

Methadone has shown to be an effective treatment for pregnant women 
who are using opioids during pregnancy. Methadone provides 
stabilization when the level of methadone is brought up to full blocking 
doses; however, these dosage levels may result in low birth weight for 
gestational age, and the newborn may go through withdrawal following 
delivery. For the woman on methadone maintenance during pregnancy, 
it is important to monitor the dose care fully and adjust the dose as 
necessary to provide the best outcome. This may include splitting the 
dose, particularly later in pregnancy when the metabolism of methadone 
is altered by the pregnancy. In rare cases when the woman meets specific 
criteria, it is possible to withdraw her from methadone, but this is 
discouraged except in extenuating circumstances. 
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Treatment Options for 
Drug-Exposed Infants 

Stephen R. Kandall 


INTRODUCTION 

Despite the fact that women have been closely associated with drug use 
and drug addiction in the United States since the middle of the 19th 
century, little attention was directed at drug-related problems of women 
for more than 100 years. In the 1960s, however, it became increasingly 
obvious that maternal drug use during pregnancy was associated with a 
growing list of problems in the pregnant woman, fetus, neonate, and 
young infant. Although a small number of anecdotal reports had been 
published throughout the earlier pail of the century, more scientifically 
grounded observations and studies on the perinatal effects of heroin 
began to be published only in the 1960s and 1970s. These studies more 
carefully delineated the perinatal impact of maternal use of illicit opiates 
such as heroin as well as maintenance medication such as methadone. 
These same scientific and clinical methodologies were subsequently 
applied to studies of the effects of maternal use of stimulants such as 
amphetamines in the 1960s and 1970s and cocaine, which had a 
resurgence in use in the 1970s and again, as “crack” cocaine, in the 
1980s. 

Delineation of the perinatal effects of specific individual drugs was 
hampered, however, by the increasing tendency of women to use multiple 
drugs during pregnancy. Poly drug use continues to be a common 
practice today, and since the clinical sequelae stemming from different 
maternal drugs may appear similar in the neonate, the appropriate 
treatment of drug-exposed newborn infants must rest on the accurate 
determination of the pattern of intrauterine drug exposure. 

This deteimination is far from easy, however, as highlighted by Dicker 
and Leighton (1991), who compared studies that sought to determine the 
extent of intrauterine drug exposure in the United States in 1988 and 
1989. The authors found that these estimates varied quite widely, 
ranging from a low of 14,000 to a high of about 700,000, with inter¬ 
mediate figures of 30,000 to 50,000, 100,000, and 375,000. Dicker and 
Leighton, using the National Hospital Discharge Survey and a multi- 
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plicative adjustment factor of three for underreporting, estimated the 
number to be close to 38,000 infants, approximately one-tenth of the 
most frequently cited figure (Chasnoff et al. 1989). 

Difficulties in establishing accurate data are due in part to the 
unreliability of maternal histories of drug use, failure of obstetric care 
providers to fully question women regarding drug habits, fear by women 
that they may face repercussions in the legal and child welfare arenas if 
they admit to drug use, and the limitations imposed by both clinical 
observations and “snapshot” testing such as urine toxicologies in 
establishing the diagnosis of drug exposure. 

Another reason for the widely disparate estimates of intrauterine drug 
exposure is the lack of uniform policies that govern drug testing of 
mothers and neonates. Hospitals employ a wide range of criteria, ranging 
from universal testing to selective testing based on combinations of 
maternal self-report, behavior, lifestyle indices, and obstetric conditions, 
as well as nonspecific neonatal conditions such as prematurity, 
intrauterine growth retardation (IUGR), poor feeding, and neurologic 
dysfunction. These practices have resulted in truncation of the total 
sample of drug-exposed infants and the selective identification of infants 
who should be considered at risk for reasons other than intrauterine drug 
exposure. 

Confusion also arises from terminology that often equates two vague 
teims, “drug-exposed” and “drug-affected” (Dicker and Leighton 1991). 
“Drug-exposed” denotes infants who have been exposed to one or more 
drugs during part or all of the pregnancy and may or may not show 
obvious effects of that exposure in the newborn period. In contrast, 
“drug-affected” infants are defined as only those infants who have been 
diagnosed by hospital staff in the neonatal period as having suffered the 
effects of intrauterine drug exposure. 

Despite obvious shortcomings, epidemiological data from throughout the 
United States consistently indicate that maternal drug use increased 
markedly in the 1980s. Threefold to fourfold increases in the number of 
drug-exposed newborn infants during the mid- to late-1980s were 
reported by many cities, including New York, Dallas, Denver, Oakland, 
Philadelphia, and Houston (U.S. Department of Health and Human 
Services 1993). Although most data originate from low-income urban 
populations, it has become apparent that the problem of drug use during 
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pregnancy crosses all racial, ethnic, geographic, and socioeconomic 
boundaries. 

This chapter reviews clinical aspects of the neonatal abstinence syndrome 
following exposure to opiates and other depressants and the neurotoxicity 
seen in newborn infants following exposure to stimulants such as cocaine 
and amphetamine, details the widely accepted and more controversial 
therapeutic regimens currently being used in the treatment of drug- 
exposed infants, and outlines research questions for future consideration 
regarding the treatment of these infants. 


NEONATAL OPIATE ABSTINENCE SYNDROME 

The neonatal opiate abstinence syndrome is a generalized disorder 
characterized by dysfunction of the central nervous system (CNS), 
autonomic nervous system, gastrointestinal (GI) tract, and respiratory 
system. 

Infants of mothers who are dependent on opioids during their pregnancy 
may be born with a passive dependency on those same agents. These 
drugs include powerful opiates such as heroin, morphine, and methadone, 
as well as less potent opioids such as codeine, pentazocine, and 
propoxyphene hydrochloride. In addition, other substances such as 
alcohol, barbiturates, chlordiazepoxide, diazepam, diphenhydramine, 
ethchlorvynol, and imipramine may produce a similar picture of neonatal 
abstinence. Since these substances cross the placenta, the fetus 
biochemically adapts to these drugs. When the umbilical cord is cut, the 
supply of drug is abruptly terminated. Approximately 75 percent of 
infants with chronic intrauterine exposure to narcotics develop an 
abstinence syndrome in the days or weeks after birth. 

Since fetal exposure to these drugs varies based on the amount of the 
drug used by the mother, purity of the drug (if used illicitly), and length 
of usage, the occurrence, time of onset, and severity of abstinence 
symptomatology is not totally predictable. Abstinence symptoms from 
heroin and other short-acting opioids usually manifest within 48 to 72 
hours after birth. Although the same is generally true for longer-acting 
opioids such as methadone, abstinence symptoms may appear later in 
some cases because methadone is stored in fetal tissue, and its rate of 
tissue clearance and excretion postnatally is quite variable. Abstinence 
symptoms are believed to appear when neonatal serum levels of 
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methadone drop to a certain level (Rosen and Pippenger 1976). In a few 
cases, usually when a mother has been treated with dosages of methadone 
exceeding 100 milligrams (mg) daily, the onset of major signs of the 
neonatal abstinence syndrome may be delayed up to 1 or 2 weeks 
(Kandall and Gartner 1974). 

Controversy still exists as to the relationship between neonatal abstinence 
symptoms, maternal drug dosages, and serum levels of those drugs. A 
recent study found that a spectrum of relationships does exist between 
these variables (Doberczak et al. 1993), strengthening the general 
impression that lower maternal drug dosages are associated with reduced 
severity of neonatal abstinence symptoms. It is important to stress, 
however, that reduction of the maternal methadone dose may lead to an 
increase in use of street drugs, with an attendant increase in the risk of 
adverse health conditions such as human immunodeficiency vims (HIV) 
acquisition. Maternal methadone dosages, therefore, should be 
individualized and should be adequate to ensure maternal comfort and 
fetal well-being. 

The neonatal opiate abstinence syndrome occurs in about 60 to 
80 percent of heroin-exposed infants and methadone-exposed infants 
(Finnegan and Ehrlich 1990; Kandall et al. 1977). Individual symptoms 
occur with the same frequency in the two groups of infants, and severity 
of abstinence symptoms from methadone and from heroin cannot be 
compared on a milligram (mg)-to-mg basis. One study found that, 
probably because of differing pharmacokinetics, methadone-exposed 
infants required treatment more frequently, with higher dosages of 
medication over longer periods of time, than heroin-exposed infants 
(Kandall et al. 1977). Again, benefits and risks of illicit heroin use 
versus methadone maintenance and provision of comprehensive services 
must be considered when making comparisons. 

Signs of neonatal abstinence are usually grouped into four categories: 
CNS, GI, respiratory, and autonomic nervous system. CNS signs of 
neonatal abstinence are usually the most obvious clinically and include 
irritability, tremulousness, hypertonia, and excessive crying. Opiate- 
exposed infants often show a voracious appetite and an exaggerated 
sucking drive, but coordination between sucking and swallowing is 
frequently abnormal (Kron et al. 1976). This incoordination poses a risk 
of poor nutrient intake, excessive weight loss, and suboptimal weight 
gain (Weinberger et al. 1986), as well as the potentially more serious 
complications of regurgitation and pulmonary aspiration. Abstinence- 


81 



associated seizures are seen in about 1 percent of heroin-exposed infants 
and about 5 to 7 percent of methadone-exposed infants (Herzlinger et al. 
1977). GI symptoms of abstinence include vomiting and diarrhea. 
Respiratory symptoms include tachypnea, hyperpnea, respiratory 
alkalosis, cyanosis, and apnea. Autonomic nervous system signs of 
abstinence include sneezing, yawning, tearing, sweating, and 
hyperpyrexia. 

Neonates exposed to maternal doses of phenobarbital of at least 
90 mg/day for 12 weeks prior to delivery may also exhibit symptoms of 
abstinence. Barbiturate-dependent infants have symptoms similar to 
those of opiate abstinence such as hyperactivity, tremors, crying, 
vomiting, and diarrhea, usually beginning 4 to 8 days after birth 
(Desmond et al. 1972). 


TREATMENT 

The appropriate treatment of drug-exposed infants rests on sound 
principles of diagnosis and assessment. Since individual signs and 
symptoms of the neonatal abstinence syndrome tend to be nonspecific, 
other diagnoses such as sepsis, electrolyte imbalance, hypoglycemia, 
CNS hemorrhage, and ischemia must always be considered as part of the 
infant assessment. This consideration is especially relevant since 
maternal drug abuse frequently occurs in a clinical and social 
environment that poses multiple medical risks to the infant. 

It is also important to gather objective information about the mother’s 
drug use to provide optimal treatment for the infant. Data gathering 
should include a comprehensive interview with the mother, reports from 
drug treatment facilities and social service agencies, and more objective 
measures such as urine toxicology assays for drugs and their metabolites. 
Recognizing the limitations of urine testing, it is now known that drug 
exposure may be detected over a wider gestational period by assay of 
infant meconium samples or infant and maternal hair samples (Callahan 
et al. 1992; Ostrea et al. 1992). 

Since the occurrence, time of onset, and ultimate severity of the neonatal 
abstinence syndrome is not totally predictable, the use of a semiobjective 
abstinence score is strongly recommended. This scoring system should, 
be used to monitor the onset, progression, spontaneous regression, and 
response to treatment of the neonatal abstinence syndrome. 


82 




FIGURE 1. Neonatal abstinence score sheet. 


SOURCE: From Finnegan, F.P. Neonatal abstinence syndrome: 

assessment and pharmacology. In Rubatelli, F.F., and 
Granati, F., eds. Neonatal Therapy: An Update. New 
York: Excerpta Medica, 1986. 


The most comprehensive abstinence scoring system is that proposed by 
Finnegan (Finnegan and Kaltenbach 1992) (figure 1). This scoring 
system rates 21 symptoms commonly seen in the neonatal abstinence 
syndrome. Each is assigned an individual score based on its postulated 
relationship with the outcome variables of morbidity and mortality. 

Infants are scored 2 hours after birth and every 4 hours thereafter. Infants 
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may be scored every 2 hours if the total severity score exceeds 8, but 
scoring every 4 hours may be resumed if the severity score decreases. All 
symptoms exhibited during the entire 2-hour or 4-hour interval should be 
included. In addition to the quantitative scoring, relevant clinical 
observations should be noted in the “comments” column on the scoring 
sheet. Using the Finnegan scale, specific pharmacologic treatment to 
control opiate abstinence symptoms is usually initiated when the total 
severity score exceeds 8 for three consecutive scoring periods or when 
the average of three consecutive scores is 8 or higher. 

While the infant is undergoing assessment with the aid of this scoring 
scale to determine whether specific treatment will be necessary, general 
treatment measures should be instituted. Environmental modification, 
such as swaddling in a prone or side-lying position on soft bedding 
material in a quiet, dimly lit room, has been generally recommended 
despite the lack of film evidence of its efficacy in controlling the severity 
of neonatal abstinence symptoms (Ostrea et al. 1976). Such measures 
also place additional burdens on medical and nursing staff to monitor 
vital signs, prevent hyperthermia, note excoriations, and detect seizures. 

In addition, placing infants in the prone position for sleep, especially on 
soft bedding material, has recently been implicated in higher rates of 
sudden infant death syndrome (SIDS) in infants (Ponsonby et al. 1993). 
This is especially relevant in opiate-exposed infants, since their risk of 
SIDS is approximately three- to fourfold that of infants who were not 
drug exposed (Kandall et al. 1993). 

Gentle handling based on individual infant cues and control of external 
stimulation appear to benefit the opiate-exposed infant. One study has 
suggested that opiate-exposed infants benefit from being placed on 
nonoscillating waterbeds (Oro and Dixon 1988). Infants treated with 
medication and waterbeds as adjunctive therapy had lower severity scores 
on day 5 and a better pattern of weight gain than infants conventionally 
treated with pharmacotherapy alone. 

Supportive treatment measures also include provision of adequate fluids 
and calories based on the infant’s individual needs. Abnormal postnatal 
weight changes should be anticipated due to the infant’s hypermetabolic 
state, excessive fluid loss, and suboptimal intake. One study (Weinberger 
et al. 1986) showed that infants with mild abstinence symptoms lost an 
average of 4 percent of their birth weight, reached a nadir on day 3, and 
regained their birth weight by the end of the first week. Newborns who 
developed more severe abstinence symptoms lost more weight and 
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required a longer time to regain their birth weight. These data support 
both the need for prompt initiation of specific pharmacologic treatment of 
neonatal abstinence symptoms and the importance of nutritional support 
of those infants. 

Breastfeeding should be offered, and may even be encouraged in those 
infants bom to mothers who are well maintained on methadone, not 
abusing other substances, and HIV negative. Breastfeeding enhances the 
mother-infant bond, an important consideration when mothers and babies 
are separated because of prolonged hospitalization. Although methadone 
does pass to the infant in breast milk, no study has documented the 
impact of breastfeeding on the course of neonatal abstinence symptoms. 


PHARMACOTHERAPY 

Naloxone is often used in the delivery room to reverse the depressant 
effects on the newborn infant of medications such as meperidine, which 
may be used to provide analgesia for the parturient. Naloxone is usually 
contraindicated in opiate-exposed infants since its use may precipitate 
acute abstinence symptoms. Naloxone is not specifically contraindicated 
following intrauterine exposure to cocaine, but caretakers must remember 
that cocaine use may be accompanied by narcotic use; in this circum¬ 
stance, naloxone may precipitate acute opiate abstinence symptoms in the 
infant. 

In the neonatal period, specific pharmacotherapy to control opiate 
abstinence symptoms should be provided when the severity score 
(discussed earlier) reaches a predetermined level. Therapy is aimed at 
clinical stabilization of those narcotic-exposed infants who require 
specific treatment, followed by gradual reduction of the medication with 
close and objective assessment. Failure to treat the effects of neonatal 
abstinence may result in significant morbidity, and mortality may result 
from excessive fluid loss, respiratory distress, seizures, vomiting and 
aspiration, or hyperpyrexia. Pharmacotherapeutic control of the neonatal 
opiate abstinence syndrome can be accomplished with either a substitute 
opiate such as paregoric (camphorated tincture of opium) or a nonspecific 
CNS depressant such as phenobarbital. The advantages of paregoric 
include its oral administration, its lack of significant adverse effects, its 
wide margin of safety because of the low dosage needed to control 
abstinence symptoms, and its short half-life. Phenobarbital also controls 
the major signs of abstinence quite adequately and provides much 
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broader coverage in those cases of exposure to both opiates and 
depressants. Phenobarbital appeal's to be the logical choice to treat 
neonatal dependence on barbiturates. Phenobarbital, however, has the 
potential disadvantages of producing depression of neonatal respiration 
and sucking, especially when the medication is used at higher dosage 
ranges (see below). 

Comparison of phenobarbital and paregoric suggest the superiority of the 
latter in the treatment of neonatal opiate abstinence symptoms. Finnegan 
and Ehrlich (1990), in a study of 176 infants, found that paregoric was 
better able than phenobarbital to control signs of opiate abstinence, 
although the treatment period with paregoric was slightly longer (24 days 
versus 20 days). In that study, paregoric was also more successful in the 
control of abstinence symptoms when only one therapeutic agent was 
used. 

In another comparative study, Kandall and colleagues (1983) found that 
paregoric and phenobarbital, administered randomly to 153 passively 
addicted infants, initially controlled signs of abstinence equally well. Of 
the 12 infants who developed abstinence-associated seizures, however, 

7 had been treated with phenobarbital (n = 62), while none of the infants 
treated with paregoric (n = 49) developed seizures. The authors note that 
since a low-dosage phenobarbital regimen was used, a protective blood 
level of the drug may not have been achieved in light of phenobarbital’s 
ability to induce microsomal enzymes and speed the disposition of 
methadone from tissue stores in the neonate. 

Since sucking disorders are frequently seen in the neonatal opiate 
abstinence syndrome and since sucking represents an important function 
of neurobehavioral integration in the neonate, Kron and colleagues 
(1976) compared the effect of treatment regimens on this behavior. 
Opiate-exposed infants treated with paregoric tended to suck more 
vigorously and with more normal periodicity than those infants treated 
either with phenobarbital or with no specific therapy. 

Additional evidence for the superiority of paregoric therapy was provided 
by Kaltenbach and Finnegan (1986). In that study of infant outcome 
following intrauterine drug exposure, the authors found that treatment 
with paregoric was far more successful in controlling neonatal abstinence 
symptoms than was either phenobarbital or diazepam. 
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Following some initial enthusiasm over the use of diazepam, it is now 
recognized that diazepam may cause respiratory and CNS depression in 
the neonate. In addition, diazepam has been shown to provide poor 
prophylaxis and treatment for abstinence-associated seizures (Herzlinger 
et al. 1977). The use of chlorpromazine to treat the neonatal opiate 
abstinence syndrome is limited by the drug’s potential hepatotoxicity and 
its adverse effect on the extrapyramidal tracts of the CNS. Other 
depressant agents such as morphine, methadone, and laudanum have been 
used to treat neonatal abstinence symptoms, but insufficient data exist to 
assess their efficacy and limitations. 

Paregoric 

A consensus panel convened in 1992 by the Center for Substance Abuse 
Treatment (CSAT) has promulgated useful guidelines for the treatment of 
opioid-exposed infants (U.S. Department of Health and Human Services 
1993). The panel recommended paregoric as the treatment of choice 
(figure 2). Paregoric treatment is usually begun at a dosage of 
0.2 milliliters (ml) every 3 hours by mouth. If the severity of abstinence 
symptoms does not decrease, the stabilizing dosage is raised by 0.05 ml 
with each succeeding dose to a maximum dosage of 0.4 ml that is 
administered until the severity score decreases to less than 8. Once the 
infant is stabilized, the stabilizing dosage is maintained for 3 to 5 days. 
Following stabilization, paregoric may be slowly decreased by 0.05 ml 
per kilogram (kg) every other day, as dictated by the severity score. 

While the dosage is being reduced, the dosing interval (every 3 hours) 
should remain the same. Paregoric may be discontinued once the infant 
is stable on 0.05 ml every 3 hours. Following detoxification, the infant 
should be assessed with the aid of the severity scale for 1 to 2 days in the 
hospital to observe for rebound symptomatology. 

A slightly different treatment regimen has been suggested by Finnegan 
and Kaltenbach (1992). In that regimen, paregoric is administered every 
4 hours with the dosage based on the severity score and the infant’s 
weight. Infants with abstinence scores of 8 to 10 are treated with a total 
dose of 0.8 ml/kg/day; those with scores of 11 to 13 receive 1.2 
ml/kg/day: those with scores of 14 to 16 receive 1.6 ml/kg/day; those 
with scores of 17 or above receive 2.0 ml/kg/day. Once the infant is 
stabilized, paregoric may be slowly reduced by 10 percent of the total 
daily dosage every 24 hours, as dictated by the severity score. Paregoric 
therapy may be discontinued once the infant is stable on a dosage of 
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• Paregoric (camphorated tincture of opium, 0.4 mg/ml 
morphine): Begin with 0.2 ml every 3 hours PO. If 
abstinence uncontrolled, increase by 0.05 ml each dose to a 
maximum of 0.4 ml every 3 hours. After stabilization for 5 
days, reduce the dose gradually by 0.05 ml/dose every other 
day, using severity score. Observe off medications 1-2 
days. 

• Phenobarbital: Loading dose 5 mg/kg IV, IM, or PO. 
Maintain at 3-5 mg/kg/day PO, divided every 8 hours. May 
increase dose by 1 mg/kg/day to maximum of 10 
mg/kg/day. Once stable, reduce by 1 mg/kg/day every other 
day, using severity score. Observe off medications 1-2 
days. 

FIGURE 2. Pharmacologic treatment of opiate abstinence. 


0.5 ml/kg/day. Following discontinuance of treatment, the infant should 
be observed in the hospital for 2 days. With either of the two regimens, 
close observation of the infant and use of a severity scoring system to 
monitor the need for and effect of treatment is of paramount importance. 

The anticipated length of treatment of the neonatal opiate abstinence 
syndrome with paregoric cannot be predicted with certainty. Kandall and 
colleagues (1977) found a mean treatment time of 10 days for the effects 
of heroin abstinence, 20 days for the effects of abstinence from heroin 
and methadone, and 29 days for the effects of abstinence from methadone 
alone. Although dose equivalencies obviously cannot be calculated for 
heroin and methadone, the pharmacokinetics of methadone, including 
tissue storage, suggest that these comparative treatment data can be 
generalized. In another confirmatory study, Finnegan and Ehrlich (1990) 
found a mean treatment time of opiate abstinence symptoms with 
paregoric to be 24 days. 

Phenobarbital 

The CSAT Consensus Panel found phenobarbital to be a useful agent in 
treatment of the neonatal abstinence syndrome (U.S. Department of 
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Health and Human Services 1993). Phenobarbital treatment can usually 
be stalled at 5 mg/kg/day as a loading dose given either intramuscularly 
(IM) or intravenously (IV) to ensure effective absoiption (figure 2). 

Using the same severity scale as described above, an oral maintenance 
dose is reached by increasing the dose by 1 mg/kg to a maximum of 
10 mg/kg/day until the severity score indicates that the effects of 
abstinence are controlled. Because of its longer half-life compared to 
paregoric, phenobarbital is administered every 8 hours in this regimen. 
Following stabilization for about 5 days, the phenobarbital dosage may 
be lowered by 1 mg/kg/day every other day, with monitoring of the 
severity score. In this regimen, phenobarbital levels are monitored only 
when clinically indicated (e.g., poor control of abstinence symptoms or 
excessive sleepiness of the infant). 

The phenobarbital treatment regimen proposed by Finnegan and 
Kaltenbach (1992) is somewhat more rigorous. This regimen relies 
heavily on frequent monitoring of plasma phenobarbital levels, with 
titration of the dosage to both the drug level and severity score. This 
regimen begins with a loading dosage of 20 mg/kg/day, followed by a 
maintenance dose range of 2 to 6 mg administered daily if the plasma 
phenobarbital level is therapeutic and the infant is clinically stable. If the 
plasma concentration needs to be raised, this is accomplished by 
increasing the frequency of administration to every 12 hours. When an 
optimal plasma level is obtained (approximately 20 micrograms 
(mcg)/ml) and the severity score is less than 8, the phenobarbital dosage 
is maintained for 72 hours. A maintenance dosage of 4 to 6 mg/kg/day is 
usually adequate to maintain clinical stability. 

If the total score continues to exceed 8, Finnegan and Kaltenbach (1992) 
recommend increasing the dosage by administering 10 mg/kg of 
phenobarbital every 12 hours until control is achieved, the blood level 
reaches 70 mcg/ml, or the infant becomes clinically toxic. Following a 
clinically stable period of 72 hours, reduction of the serum phenobarbital 
level by about 15 percent per day can usually be accomplished by 
administering phenobarbital at a dosage of 2 mg/kg/day. Minor 
variations in this dosage are based on the clinical severity score and 
serum phenobarbital level. Phenobarbital is discontinued when the serum 
level falls below 10 mcg/ml and the severity score is less than 8. In the 
next 72 hours, if the infant remains stable, he or she may be discharged. 
The length of treatment of the neonatal opiate abstinence syndrome with 
phenobarbital is similar to that with paregoric. In one study using the 
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above regimen, Finnegan and Ehrlich (1990) found a mean treatment 
time of 20 days with phenobarbital compared with 24 days with 
paregoric. 

The regimen detailed by Finnegan and Kaltenbach (1992) offers the 
advantage of extremely careful assessment and documentation of the 
infant’s therapeutic response. It has the disadvantage, however, of 
requiring frequent clinical assessments by trained personnel as well as 
drawing of blood for drug levels, which is expensive, time-consuming, 
and painful to the infant. 

Despite some methodologic variation, ah of the therapeutic regimens are 
based on the following principles: complete assessment of the patterns of 
prenatal drug use will allow for the most appropriate treatment of 
neonatal abstinence symptoms; an abstinence scoring system should be 
used to guide the initiation, maintenance, and discontinuation of drug 
treatment; paregoric represents the most effective treatment when the 
neonate has had either sole or major exposure to opiates; phenobarbital is 
most effective when the infant has been exposed to nonopiates only; and 
other drugs such as diazepam and chlorpromazine are not appropriate for 
the treatment of the neonatal opiate abstinence syndrome. Other opiates, 
such as morphine and methadone, lack enough published data to fully 
assess their efficacy and safety. 


ABSTINENCE-ASSOCIATED SEIZURES 

As noted earlier, seizures occur in about 1 percent of heroin-exposed 
infants and about 5 percent of methadone-exposed infants (Herzlinger et 
al. 1977). The etiology of these seizures is not well understood. 
Abstinence-associated seizures occur unpredictably, tend to be myoclonic 
in type, generally occur between 1 and 2 weeks after birth, and are more 
common when either phenobarbital or no drug is used to treat early signs 
of opiate abstinence. Pail of the reason why studies cite different 
incidences of these seizures may be the fact that these seizures can easily 
be missed if tht infants are swaddled in a dimly lit room. 

If seizures occur, the infant should have a full sepsis workup, including 
lumbar - puncture, to rule out systemic or CNS infection. A complete 
metabolic evaluation, including blood sugar, electrolytes, calcium, 
phosphorus, and magnesium levels should also be performed. CNS 
imaging, such as ultrasound, computerized axial tomography (CAT) 
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scan, or magnetic resonance imaging (MRI), should be obtained. An 
electroencephalogram (EEG) will be abnormal in about 50 percent of the 
infants, and serial EEGs may be useful as a guide to further assessment, 
treatment, and followup. 

Abstinence-associated seizures should initially be treated with IV 
phenobarbital at a loading dose of 10 to 20 mg/kg. If the lower dose is 
used, a second dose of 10 mg/kg can be administered 10 minutes later if 
seizures persist. When seizures are controlled, a serum phenobarbital 
level should be obtained in 24 hours, just prior to starting maintenance 
therapy at 3 to 5 mg/kg/day divided into two doses. Paregoric therapy 
should also be stalled if the infant has not been previously treated. 

Little data exist as to the continuing management of infants with 
abstinence-associated seizures. It appeal's reasonable to base the ongoing 
management of these infants on clinical and laboratory assessments. If 
other neuropathology is excluded, these seizures tend to be self-limited. 

If the first EEG is noimal or the followup EEG is normal in the course of 
the infant’s neonatal stay, medications may be tapered under close 
observation. Once paregoric has been given, phenobarbital may be 
slowly discontinued at the rate of 1 mg/kg every other day. Following 
discontinuation of phenobarbital, paregoric may be slowly discontinued 
as outlined above. 

If the seizures are not easily controlled despite the administration of 
phenobarbital and paregoric in adequate doses, other anticonvulsant 
medications such as diphenylhydantoin may be required. In those cases, 
however, it is likely that another cause for the persistent seizures will be 
found. If the EEGs do not normalize in spite of good clinical control of 
seizures, the infant should be discharged from the hospital on 
maintenance anticonvulsant treatment, and further management decisions 
should be made jointly with a pediatric neurologist. 

Serial observations of these infants, as well as followup studies at 1 year 
of age, suggest that these seizures carry an excellent prognosis in the 
short term. Doberczak et al. (1988a) found normalization of neurologic 
and electroencephalographic abnormalities in these infants during the first 
year of life. In addition, Bayley developmental test scores remained 
normal during that period of observation. In that study, 7 of the 14 
infants were able to be discharged from the nursery without 
anticonvulsant medication. 
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COCAINE 


Although the use of cocaine in the United States dates back to the 1870s 
the recent epidemic of smokeable cocaine (“crack”) in the 1980s coupled 
with increased drug use by pregnant women and the epidemic of perinatal 
HIV and acquired immunodeficiency syndrome, brought a new level of 
concern to the impact of cocaine use during pregnancy. 

As with opiates, life circumstances and behavior of the mother often 
place the fetus and newborn infant at increased risk for suboptimal 
perinatal outcome. Many obstetric complications stem from the potent 
vasoconstrictive properties of cocaine due to the drug's inhibition of 
neurotransmitter uptake in the synaptic cleft. Vasoconstriction in the 
uteroplacental circulation may lead to acute and chronic fetal hypoxia, 
IUGR, and congenital anomalies. 

Similar to treatment for exposure to opiates, treatment of the cocaine- 
exposed neonate rests on an objective assessment of the impact of 
intrauterine drug exposure. But unlike opiate-exposed infants, cocaine- 
exposed infants do not undergo a physical abstinence or withdrawal. 

These infants do, however, show signs of neurotoxicity such as transient 
irritability and tremulousness (Chasnoff et al. 1985; Doberczak et al. 
1988b). Following this period of CNS irritability, cocaine-exposed 
infants tend to experience a period of hyporeactivity, lethargy, and poor 
interaction with caretakers. In addition, specific neurobehavioral testing 
has led to a general agreement that these infants evidence lability of state, 
with wide swings from hyperalertness to reduced reactivity, decreased 
habituation, and visual tracking difficulties (Chasnoff et al. 1989; Eisen et 
al. 1991; Mayes et al. 1993). 

Cocaine-exposed infants show a very wide spectrum of effects ranging 
from a lack of obvious symptoms, to neurobehavioral dysfunction 
(described above), to more dramatic complications such as seizures 
(Kramer et al. 1990) and cerebrovascular accidents (CVAs) (Chasnoff et 
al. 1986). These serious complications may be due either to an ischemic 
insult secondary to vasoconstriction or to hemorrhage from acute 
hypertension. EEG abnormalities have been reported in as many as 
50 percent of cocaine-exposed infants in one study (Doberczak et al. 
1988b), but this observation was not confirmed in another study (Legido 
et al. 1992). 
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In addition, echoencephalographic (ECHO) abnormalities have been 
reported in 35 percent of infants exposed to either cocaine or 
methamphetmaines (Dixon and Bejar 1989). These abnormalities include 
ischemic injury with cavitary lesions (8 percent), intraventricular 
hemorrhage (12 percent), subependymal hemorrhage (11 percent), 
subarachnoid hemorrhage (14 percent), and ventricular dilatation 
(10 percent). In another study of infants with birth weights under 
1,500 grams, however, cocaine exposure did not increase the incidence of 
intraventricular hemorrhage or periventricular leukomalacia compared 
with controls (Dusick et al. 1993). 


TREATMENT 

Since cocaine-exposed infants differ quite significantly from opiate- 
exposed infants, use of the opiate abstinence assessment scale is 
inappropriate following cocaine exposure. The subtlety of cocaine- 
related signs and the nature of those neurological abnormalities suggest 
the need for an assessment such as the Brazelton Neonatal Behavioral 
Assessment Scale. An appropriate assessment should focus on areas such 
as habituation, responsivity, state, and motor assessment as well as a 
more general neurologic evaluation. 

Although most cocaine-exposed infants show only modest signs of 
neurodysfunction that do not require the use of pharmacotherapeutic 
agents, some infants who are excessively irritable appeal - to benefit from 
a short course of treatment with phenobarbital. In such instances, 
phenobarbital treatment is rarely needed for more than a few days and, 
following control of the infant’s irritability, therapy may be discontinued 
without tapering. Treatment with an opiate such as paregoric is 
inappropriate unless significant maternal opiate use compounds the 
cocaine exposure. 

Seizures due to cocaine neurotoxicity should be treated acutely with a 
loading dose of 10 to 20 mg/kg of phenobarbital IV. If the lower dose of 
10 mg/kg is used and seizures persist, that dose should be repeated in 
10 to 15 minutes. While seizure control is being accomplished, 
diagnostic workup should be initiated; this workup usually includes 
determination of electrolytes and serum glucose levels, full sepsis workup 
including lumbar puncture, and CNS imaging by ultrasound and either 
CAT scan or MRI. 
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If seizures are controlled with phenobarbital, continued seizure 
management should be based on clinical assessment and results of the 
diagnostic workup. Phenobarbital levels should be drawn 24 hours after 
administration of the loading dose. If levels are in the therapeutic range, 
maintenance therapy, usually at a dose of 5 mg/kg/day, should be stalled. 
Refractory seizures, such as may occur following a CVA, may require the 
addition of other anticonvulsants (e.g., phenytoins) to the treatment 
regimen. 

An important paid of the therapeutic management of cocaine-exposed 
infants is an appropriate nursery environment. In contrast to opiate- 
exposed infants, whose irritability draws the attention of the nursery staff, 
cocaine-exposed infants tend towards hyporeactivity and decreased social 
responsiveness. This may result in these infants being left for periods of 
time without appropriate stimulation. Cocaine-exposed infants, therefore, 
should be provided with an individualized program of structured physical 
contact, including gentle handling with support of the head and body, soft 
social talking, and eye contact without overstimulation. 

As with maternal opiate use, intervention programs for cocaine-exposed 
infants should include mothers and fathers of the infants as much as 
possible. Parents benefit significantly from inclusion in the assessment 
and treatment of their infants. This is especially true with the 
involvement of trained personnel who are skilled in both assessing the 
infant and working with the parents in a supportive and nonjudgmental 
manner. 

Breastfeeding, which could foster mother-infant bonding, is contra¬ 
indicated if the mother is actively using cocaine. Cocaine may readily 
pass to the infant through breast milk and may produce a neonatal 
neurotoxic syndrome including hypertonia, tremors, apnea, and seizures 
(Chaney et al. 1988). In addition, breastfeeding is contraindicated when 
the mother is HIV positive due to transmissibility of the virus in breast 
milk. 


AMPHETAMINES 

Amphetamine stimulates the release and blocks the reuptake of 
neurotransmitters, similar to the action of cocaine. Methamphetamine is 
structurally similar to amphetamine but has relatively greater CNS effects 
and less prominent peripheral actions. 
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The impacts of cocaine and amphetamines on pregnancy appear to be 
similar. Two studies of amphetamine-exposed infants in Sweden by 
Eriksson and colleagues (1978, 1981) reported a high perinatal mortality 
rate, an increased incidence of low birth weight and congenital malforma¬ 
tions, and neurologic abnormalities including drowsiness, poor feeding, 
and seizures. Neither of the reports commented on the need for specific 
treatment in the newborn period. 

More recently, Oro and Dixon (1987) found a wide range of abnormal¬ 
ities including abnormal sleep patterns, tremors, poor feeding, hyper¬ 
active reflexes, abnormal cry, state disorganization, vomiting, sneezing, 
and tachypnea in a group of 46 infants following intrauterine exposure to 
cocaine and methamphetamines. Despite these findings, only 1 of 28 
methamphetamine-exposed infants required specific treatment. 

In a study cited previously, Dixon and Bejar (1989) found ECHO 
abnormalities in 35 percent of infants following intrauterine exposure to 
cocaine and methamphetamines. Despite these impressive findings, 
neurobehavioral assessment of the infants did not correlate well with 
ECHO abnormalities, perhaps because damage in the frontal lobes and 
basal ganglia may produce clinical abnormalities only later in infancy. 


FUTURE RESEARCH 

Although much has been learned recently about the clinical management 
of infants following intrauterine exposure to narcotics and stimulants, 
questions remain that might be addressed in the future. 

1. Can the severity of the neonatal opiate abstinence syndrome as well 
as the need for specific treatment of the newborn infant be reduced 
through modification of the maternal methadone dosage during 
pregnancy? Controversy still exists over the relationship of maternal 
drug dosages to severity of the effects of neonatal abstinence. In 
addition, it is still unclear whether careful discontinuation or even 
lowering of the maternal dosage can be undertaken safely, given the 
complexities of drug pharmacokinetics during pregnancy and the 
tendency of women to abuse street drugs and thus increase health- 
related risks such as HIV acquisition when maintenance therapy is 
reduced. 
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2. What is the impact, both individually and combined, of exposure to 
other neurotoxins such as HIV, syphilis, alcohol, and lead that 
frequently complicate drug use? What are the implications of these 
interactions on treatment regimens in the newborn period? 

3. Can efficacy of treatment with agents such as paregoric and 
phenobarbital be measured with more precision than at present? Can 
more objective assessments such as sucking response (Kron et al. 
1976) or cry analysis (Corwin et al. 1992) provide useful data as to 
the most appropriate therapy for drug-exposed infants? 

4. Can new delivery systems, such as transdermal patches, be developed 
to treat drug-exposed infants? If the infant is vomiting and has 
diarrhea, oral medications may be inappropriate; if the infant is 
hyperirritable, IM medications may worsen the effects of the 
abstinence. What are the transdermal kinetics of medications in the 
newborn period? 

5. What is the most effective way to prevent or control abstinence- 
associated seizures? What is the mechanism of these seizures? 

6. What is the impact of breastfeeding on the treatment of neonatal 
abstinence symptoms? Can drug assays of breast milk in conjunction 
with careful clinical assessment be useful in treating these infants? 

7. What is the role of intervention in the management of drug-exposed 
infants? Which of these therapies really ameliorates neonatal signs 
and symptoms of abstinence or neurotoxicity? How carefully do 
these therapies have to be tailored to the individual infant? Are there 
general interventions that should form an integral pail of the 
therapeutic approach to drug-exposed infants? 

8. Would complementary therapies such as acupressure, massage, and 
hydrotherapy prove useful as specific or adjunctive therapy for drug- 
exposed infants? How would such therapies be objectively 
evaluated? 
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Opioid Receptor Approaches for 
the Development of Medications 
for Pregnant Women 

Hazel H. Szeto 


INTRODUCTION 

Opiates are widely used and abused by pregnant women across the 
country. Acutely, opiates are used in late pregnancy for the relief of labor 
pain. Chronically, methadone is used in the treatment of opiate addicts 
throughout pregnancy. Both acute and chronic use of opiates are known 
to result in a variety of adverse effects on pregnancy outcome. Thus, 
there is clearly a need for the development of a better opioid for pregnant 
women with fewer adverse effects on the fetus and neonate. 

Opiates may adversely affect the fetus directly via placental transfer or 
indirectly by altering maternal-placental physiology. All available 
opiates are readily distributed to the fetus and can be shown to affect fetal 
cardiovascular, respiratory, neurobehavioral, metabolic, and 
neuroendocrine functions. Opiates may also alter maternal glucose 
regulation, decrease arterial pressure and uterine blood flow, and depress 
respiratory function. These actions may compromise the delivery of 
oxygen and substrates to the fetus. One approach toward the 
development of a better opioid may be to design molecules that would 
have more restricted placental transfer by virtue of their physiochemical 
properties. This would reduce the direct actions of opioids on the fetus. 
However, this pharmacokinetic approach does not address the problem of 
indirect drug actions on the mother. 

In this chapter, the author introduces another approach that may be added 
to the opioid development program: the use of receptor selectivity. 
Biochemical, functional, and more recently, cloning data support the 
existence of at least three different classes of opioid receptors: mu (p), 
delta (5), and kappa (k). While they all mediate analgesia, they are 
associated with very different response profiles. Thus, it may be possible 
to minimize the adverse effect profile by developing compounds that 
show high selectivity for a particular - receptor subtype. 
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This chapter briefly reviews some of the known adverse effects of acute 
and chronic prenatal opiate exposure on pregnancy outcome and the 
potential mechanisms by which opiates may affect fetal development. 
This is followed by a summary of the attempts that have been made to 
minimize the extent of fetal exposure to opioid drugs. Finally, the author 
presents experimental evidence to support the use of receptor selectivity 
in the development of a better opioid for use during pregnancy. 


EFFECTS OF PRENATAL EXPOSURE TO OPIATES ON THE 
FETUS AND NEWBORN 

Acute Exposure During Labor and Delivery 

The use of opiates during labor is associated with both immediate and 
long-term effects on the fetus and neonate. Early effects that can be 
detected in the fetus include a transient drop in transcutaneous oxygen 
tension (Baxi et al. 1988) and a change in fetal heart rate pattern and 
baseline variability (Baxi et al. 1988; Epstein et al. 1982; Petrie 1988; 
Viscomi et al. 1990). Fetal heart rate variability is the most commonly 
used indicator of fetal well-being, and the loss of heart rate variability is 
indicative of a compromised fetus (Yeh et al. 1973). Opiates have been 
reported to decrease fetal heart rate variability, essentially depriving the 
obstetrician of an objective measure of fetal viability. This loss of fetal 
heart rate variability appears to be an opioid effect, as it can be reversed 
by the administration of naloxone to the mother (Epstein et al. 1982). 

Neonatal respiratory depression is widely reported following maternal 
administration of opiates, and naloxone reversal is often required in these 
newborns (Shnider and Moya 1964). Administration of meperidine and 
other opiates also have been reported to cause changes in neonatal 
electroencephalogram (EEG) and neurobehavior (Brackbill et al. 1974; 
Hodgkinson and Farkhanda 1982; Hodgkinson et al. 1978, 1979). While 
most of the other effects are of short duration, occurring immediately 
after birth, the effects on fetal EEG and neurobehavior may persist for 
several days. 

Chronic Exposure to Opiates Throughout Pregnancy 

Chronic exposure to opiates has been linked to shorter gestation and 
lower birth weights (Finnegan 1976; Kandall et al. 1976; Wilson et al. 
1981). Although methadone-maintained infants are larger than heroin- 
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exposed infants, they still have lower birth weights than unexposed 
infants (Finnegan 1976; Kandall et al. 1976; Wilson et al. 1981). 
Currently, the reduced birth weight and head circumference in these 
children are thought to be the result of intrauterine growth retardation 
rather than premature birth. A small number of studies also suggest that 
postnatal growth is also reduced in these children (Hans 1989; Strauss et 
al. 1976; Ting et al. 1974). 

Within 1 to 3 days after birth, most infants bom to opiate-addicted 
mothers show clear signs of the effects of abstinence (Desmond and 
Wilson 1975). In addition to the typical withdrawal signs, these children 
show alterations in suckling rate (Kron et al. 1976) and sleep patterns 
(Dinges et al. 1980; Schulman 1969). These assessments all point to 
increased central nervous system (CNS) irritability. These symptoms 
diminish quickly over the first month of life, but a question that remains 
is whether more subtle developmental problems can be observed after the 
neonatal period. 


MECHANISMS BY WHICH OPIATES MAY AFFECT FETAL 
DEVELOPMENT 

Direct Drug Actions on the Fetus 

Some of the adverse effects on the fetus and neonate clearly may result 
from the distribution of opiates across the placenta to the fetus. 
Meperidine, morphine, and fentanyl have all been detected in cord blood, 
neonatal plasma, and neonatal urine after acute administration to the 
mother during labor (for review, see Reynolds 1987). Studies in pregnant 
sheep and primates have also revealed rapid distribution of these drugs to 
the fetus (Golub et al. 1986; Szeto et al. 1978, 1981). Thus, opiates may 
cause direct drug actions on the fetus. 

Specific opioid binding sites are present before birth in humans and in 
many animal species (Clendeninn et al. 1976; Coyle and Pert 1976; 
Dunlap et al. 1986; Magnan et al. 1988; Zhang and Pasternak 1981). The 
pharmacology of opiates in the fetus has been studied by direct 
administration of these drugs to the fetal lamb. Low doses of methadone 
or morphine have been found to result in behavioral excitation in the 
fetus, with tachycardia, EEG activation, and respiratory stimulation 
(Szeto 1983; Szeto et al. 1988; Umans and Szeto 1983; Zhu and Szeto 
1989). Higher doses caused behavioral sedation, EEG slowing, and 
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respiratory depression (Szeto et al. 1988; Umans and Szeto 1983; Zhu 
and Szeto 1989). These effects have been shown to be reversible by 
naloxone, suggesting that they are mediated by specific opioid receptors. 
Morphine has also been reported to increase plasma glucose (Szeto et al. 
1994) and prolactin (McMillen and Deayton 1989) levels in the fetus. 
These data show that opiates exert significant actions on cardiovascular, 
respiratory, neurobehavioral, metabolic, and neuroendocrine functions in 
the fetus; these direct drug actions can explain many of the adverse 
effects that have been observed in the human fetus. 

Indirect Drug Actions on Maternal Physiology 

The adverse effects observed in the fetus and neonate may be secondary 
to opiate-induced alterations in maternal physiology. Opiates may 
adversely affect the fetus by compromising the delivery of oxygen and 
substrates to the fetus. The respiratory depressant actions of opiates in 
humans and animals are well known and may decrease fetal oxygen 
availability. In addition, opioid-induced maternal hypotension may result 
in a reduction in uterine blood flow. Any reduction in uteroplacental 
perfusion coupled with respiratory depression may significantly reduce 
the delivery of oxygen and substrates to the fetus. Fetal hypoxia and 
hypoglycemia are known to alter fetal cardiorespiratory and neuro¬ 
behavioral function. Acute hypoxia has been shown to cause fetal 
bradycardia and decrease rapid eye movement (REM) sleep and fetal 
breathing activity (Boddy et al. 1974; Koos et al. 1987). Fetal 
hypoglycemia has also been shown to significantly alter fetal EEG and 
decrease breathing activity (Richardson et al. 1982). Opiate use during 
pregnancy may also indirectly affect fetal neurobehavior and cardio¬ 
respiratory function as a result of maternal hypotension and respiratory 
depression. 

The mechanism behind the reduction in fetal heard rate variability by 
opiates is not understood. It is known, however, that heart rate variability 
is under autonomic control and is enhanced during REM sleep and 
periods of fetal breathing (Dawes et al. 1972). The reduction in fetal 
heart rate variability after maternal opiate administration may be the 
result of a reduction in autonomic tone or changes in fetal sleep state and 
breathing activity. 
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ATTEMPTS AT MINIMIZING THE EXTENT OF FETAL DRUG 
EXPOSURE 

Current attempts at minimizing adverse effects in the fetus have centered 
on decreasing the extent of fetal drug exposure, thus reducing the 
magnitude of the direct effects of opiates on the fetus. Two different 
approaches have been tried. 

Different Routes of Drug Administration 

The use of intrathecal and epidural routes of drug administration during 
labor and delivery have only been somewhat successful in reducing the 
effects of opiates on the fetus. Epidural opiates alone have proved to be 
inadequate for labor pain, and effective doses have been reported to result 
in fetal plasma levels that are comparable to those attained with systemic 
administration (Nybell-Lindahl et al. 1981). Furthermore, the adverse 
effects in the fetus and neonate were also similar to those after 
intramuscular (IM) administration. 

Altering the Physiochemical Properties of the Drug 

The placenta is a lipid membrane, and passive diffusion is the most 
important mode of transport for most drug molecules, as they tend to be 
sufficiently small and lipid soluble. The factors that influence the rate 
and extent of drug transfer from mother to fetus have been reviewed 
extensively by a number of investigators and include molecular weight, 
lipid solubility, plasma protein binding, placental surface area, and 
placental blood flow (Mihaly and Morgan 1984; Mirkin and Singh 1976; 
Reynolds and Knott 1989). Pharmacokinetic studies in pregnant sheep 
have revealed significant differences in the extent of fetal exposure to 
different drugs (for review, see Szeto 1992). 

Among the opiate drugs, the ratio of fetal to maternal concentrations was 
0.13: 1 for morphine and 0.40: 1 for methadone and meperidine (Szeto et 
al. 1978, 1982). Thus, the extent of fetal exposure to methadone is 3 
times greater than to morphine. Pharmacokinetic analyses suggested that 
the difference was due to a higher placental transfer for methadone, 
which may be explained by its greater lipid solubility compared to 
morphine (Szeto et al. 1982). These data show that the extent of fetal 
drug exposure can be modified by altering the physiochemical properties 
of the drug. Subsequent studies showed that the magnitude of effects on 
the fetus was directly related to the extent of fetal drug exposure and the 
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fetal response to maternally administered methadone was 3 times greater 
than that to morphine (Umans and Szeto 1983). 

Another very interesting example of manipulating the physiochemical 
properties of the drug in order to minimize placental transfer was the 
development of metkephamid, an analog of met-enkephalin, as an 
obstetric analgesic (Frederickson 1986; Frederickson et al. 1981, 1983). 
Being a pentapeptide, its distribution across the placenta was thought to 
be minimal. Indeed, limited studies showed that the fetal-to-maternal 
ratio was less than 1:200 in sheep compared with 1:2 for meperidine. In 
the rat, the fetal-to-matemal ratio was 1:60 for metkephamid compared 
with 1: 1.8 for meperidine (Frederickson 1986). Thus it seemed that 
opioid peptides may have an advantage over alkaloids as obstetric 
analgesics. Although there were concerns regarding the ability of 
peptides to cross the blood-brain barrier, results from clinical studies 
suggested that IM metkephamid was as effective as meperidine in the 
relief of postoperative pain (Bloomfield et al. 1983; Calimlim et al. 

1982). Nonetheless, the delivery of adequate amounts of drug into the 
CNS without substantial distribution of the drug across the placenta may 
be difficult to accomplish. 

Furthermore, simply minimizing the extent of placental transfer does not 
address the problem of indirect drug actions on the mother. In fact, the 
development of metkephamid was curtailed after it was found to 
significantly decrease maternal blood pressure (J.R. Woods, personal 
communication, June 1993). This was unexpected, as hypotension was 
not reported when metkephamid was given to male subjects or 
postpartum female subjects (Bloomfield et al. 1983; Calimlim et al. 

1982). This finding highlights the importance of considering the indirect 
actions of drugs on the fetus in any drug development program. 


RECEPTOR SELECTIVITY AS AN ALTERNATIVE APPROACH 
TO MINIMIZE THE IMPACT OF OPIATES ON THE FETUS 

The use of receptor selectivity is proposed as a means of minimizing the 
impact of opiates on the fetus. The diverse actions of opiates have been 
postulated to be mediated by multiple classes of opioid receptors. Based 
on the response profiles to different opiate drugs in the chronic spinal dog 
model, Martin and coworkers (1976) first proposed that there were at 
least three types of opiate receptors, which they named p (for morphine), 
k (for ketocyclazocine) and sigma (o) (for SKF-10,047). The discovery 
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TABLE 1. Postulated functions for opioid receptor subtypes. 


Function 

1* 

6 

K 

Analgesia 

/ 

/ 

s 

Respiration 

depression 

1 / no effect 


Cardiovascular 

1 BP, 1 HR 

no effect 

1 7 no effect 

Gastrointestinal 

constipation 



Endocrine 

t ] prolactin 

1 GH 

l ADH 

Behavioral Activity 

decrease 

increase 

decrease 

Metabolism 

1 | glucose 



Other 

pruritis; 

muscle rigidity 




of the enkephalins led to the proposal of another receptor type, 8, with 
preference for the enkephalins (Lord et al. 1977). Subsequent in vitro 
binding and autoradiographic studies provided further support for the 
existence of multiple subclasses of opioid receptors (Chang et al. 1979; 
Itzhak et al. 1982; James et al. 1982). Recently several laboratories 
reported on the cloning of the5,p, and k receptors (Chen et al. 1993; 
Evans et al. 1992; Kieffer et al. 1992; Yasuda et al. 1993). 

Extensive pharmacologic studies using selective agonists and antagonists 
suggest different functional roles for the various subtypes of opioid 
receptors (table 1). Although p, 8, and k agonists all appear to result in 
analgesia, they are associated with very different pharmacologic profiles. 
For instance, p agonists have been reported to cause pruritis, constipation, 
muscle rigidity, respiratory depression, and hypotension with bradycardia 
(Paul and Pasternak 1988; Portolano et al. 1991; Stevens Negus et al. 
1993; Thomas et al. 1992; Yeadon and Kitchen 1989). On the other 
hand, 8 agonists have been shown to stimulate respiration (Cheng et al. 
1992, 1993; Kramer et al. 1992), and they appear to have little or no 
effect on cardiovascular control (Kiritsy-Roy et al. 1989). Kappa 
agonists cause sedation and decrease body temperature, and they either 
depress or have no effect on cardiorespiratory function (Castillo et al. 
1986; Howell et al. 1990; Spencer et al. 1988). 
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Although no information exists on the action of p and 6 agonists on 
cardiovascular, respiratory, metabolic, and neuroendocrine control during 
pregnancy, the data from nonpregnant animals and humans suggest that6 
agonists may have fewer adverse effects than p agonists on the mother 
and fetus. First, p agonists depress respiration, whereas6 agonists 
actually cause a small stimulation in breathing. Second, 6 agonists 
appear to have much less effect on cardiovascular function in the 
nonpregnant adult and may therefore have less effect on uteroplacental 
perfusion. Third, some evidence suggests that pruritis is only observed 
with p agonists and not 8 or k agonists. Fourth, there is some evidence to 
suggest that chronic use of6 agonists may not result in physical 
dependence. Finally, and perhaps the most interestingly, the ontogeny of 
the 8 receptor seems to lag behind that of the p and k receptor. 


ONTOGENY OF THE DIFFERENT SUBCLASSES OF OPIOID 
RECEPTORS 

The ontogeny of opioid binding sites has been studied in a number of 
animal species. Specific binding sites can be detected by midgestation in 
rodents, reaching ~40 percent of adult level at birth, and continuing to 
increase through the 3rd week after birth (Clendeninn et al. 1976; Coyle 
and Pert 1976; Zhang and Pasternak 1981). In contrast, binding levels in 
the guinea pig and sheep reach mature levels by the time of birth 
(Clendeninn et al. 1976; Dunlap et al. 1986). Studies using more 
selective ligands have revealed differential development of p, 8, and k 
binding sites, with development of 8 sites lagging behind p and K sites in 
all species studied (Dunlap et al. 1986; Magnan and Tiberi 1989; Petrillo 
et al. 1987; Spain et al. 1985). Delta sites are not present at midgestation 
in the human brain (Magnan and Tiberi 1989) and can only be detected 
by postnatal day 10 in the rat (McDowell and Kitchen 1986). In contrast, 
8 binding was detected by midgestation in sheep and undergoes a linear 
increase between midgestation and 90 percent of term (Dunlap et al. 

1986). On the other hand, there was little change in p binding throughout 
the 3rd trimester. 

Although detailed ontogeny of the 8 binding site in the human is not 
known, it is likely that it falls somewhere between the developmental 
profile in the rather immature rodent and the more precocious sheep. 

Thus there may be few, if any, functional 8 receptors in the human fetus, 
even in the latter pari of gestation. In this case, even if substantial 
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amounts of 8 agonists should be distributed across the placenta to the 
fetus, the pharmacologic effects on the fetus may be insignificant. 


PHARMACOLOGY OF OPIOID RECEPTOR SUBTYPES IN THE 
OVINE FETUS 

The pharmacology of the different subtypes of opioid receptors has been 
studied in the more precocious fetal lamb with the use of selective 
agonists and antagonists. The results showed that selective 6 agonists do 
not depress fetal breathing or alter fetal heart rate, while p agonists cause 
significant tachycardia and respiratory depression (Cheng et al. 1992, 
1993; Szeto et al. 1990, 1994). Recent studies also showed that 6 
agonists had no effect on fetal plasma glucose regulation, while p 
agonists caused a significant increase in plasma glucose levels (Szeto et 
al. 1994). Dynorphin, a k agonist, caused hypertension and bradycardia 
(Dunlap and Valego 1989). However, the effects of k agonists on 
neurobehavioral, respiratory, or metabolic control in the fetus have not 
been investigated. There is also data showing that the p agonist 
FK33,824 increased plasma adrenocorticotropic hormone in the fetal 
lamb (Brooks and Challis 1988) while dynorphin caused a significant 
increase in plasma arginine vasopressin levels (Dunlap and Valego 1989). 
There is no evidence that 8 agonists have any significant neuroendocrine 
effects in the fetus. Together, these studies show that 8 agonists have 
minimal adverse effects on the fetus and may be superior to selective p or 
K agonists at this stage of development. 


SUMMARY 

It is proposed that receptor selectivity may be used as a rational approach 
in the design and development of new opioid agents for use in pregnant 
women. While minimizing placental drug transfer will only reduce the 
direct effects of opioid drugs on the fetus, the use of selective opioid 
drugs may, in addition, reduce the indirect effects of opioids secondary to 
alterations in maternal and placental physiology. By taking advantage of 
the differential ontogeny of the different receptor subtypes, it may even 
be able to prevent significant drug effects on the fetus despite 
considerable placental transfer. The combined use of maternal-fetal 
pharmacokinetics and receptor selectivity may lead to the development of 
superior opioid drugs with minimal adverse effects on the mother and 
fetus. Finally, the approaches proposed here may be suitable for the 
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development of other agents that may be useful in the treatment of 
pregnant addicts and their infants. 
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Pharmacokinetic and 
Pharmacodynamic 
Considerations for the 
Design and Screening of 
Potential Medications 


C. Lindsay DeVane 


INTRODUCTION 

One objective of pharmacotherapy of the pregnant addict is to decrease or 
eliminate drug abuse while minimally exposing the fetus to therapy with 
potentially harmful medications or their metabolites. Complete absence 
of fetal drug exposure is a practically unattainable goal, as essentially all 
administered drugs with lipid solubility sufficient to enter the central 
nervous system (CNS) are transferred across the placenta to the fetus. 
Pharmacokinetic principles can be used to screen drugs that are suitable 
candidates for addiction treatment while at the same time are minimally 
transferred across the placenta. However, depending on the specific 
addiction being treated, it may not be desirable to avoid all fetal drug 
exposure. The fetus that has been chronically exposed to a drug of abuse 
may also benefit from pharmacotherapy of the pregnant addict or may 
require therapy for drug withdrawal after birth. 

This chapter reviews some of the characteristics of maternal-fetal 
pharmacokinetics, factors influencing fetal drug exposure, and methods 
of predicting placental transfer of drugs. An appreciation of factors that 
influence fetal drug exposure should be helpful in guiding drug 
development for treatment of the pregnant addict. 


PHARMACOKINETICS AND DYNAMICS OF DRUGS IN THE 
MATERNAL-FETAL UNIT 

The maternal-placental-fetal unit is represented in figure 1. Drug input 
(administration) may occur by oral, intravenous (IV), intramuscular (IM), 
or another route of administration. Following oral administration, a drug 
may first be subject to presystemic elimination, primarily in the maternal 
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. Schematic representation of drug disposition in the 


FIGURE 1 


maternal-placental-fetal unit. Redrawn from Mirkin 

1975. 


liver. A drug circulates in maternal plasma as a free drug and as a drug 
bound to proteins, principally albumin, alpha- 1 -acid glycoprotein, or 
lipoproteins. A drug is available in plasma to distribute to other maternal 
tissues including the brain, the primary target for treating drug addiction. 
Drugs are eliminated by renal excretion in an unchanged form or are 
metabolized in the liver, frequently to more polar metabolites that are 
sometimes pharmacologically active. 

Distribution 

Both drugs and metabolites may pass the placenta and can exert effects 
on the fetus. The rate of placental drug transfer depends partly on a 
drug’s molecular size, lipid solubility, and its degree of ionization 
(Mirkin 1975). Eventually, an equilibrium should occur between 
maternal and fetal plasma drug concentrations, especially in the case of a 
free, nonprotein-bound drug. Experimental evidence is available in 
support of this theory. Thomas and colleagues (1976) measured maternal 
venous and umbilical venous plasma concentrations of bupivacaine at 
delivery following epidural administration to 31 women in labor. The 
umbilical venous plasma concentration of the drug was lower than the 
maternal venous plasma concentration, and binding to fetal plasma 
proteins was less than to maternal total plasma protein. There was no 
significant difference between the unbound drug concentration in 
umbilical venous plasma and maternal venous plasma. 
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Data on lorazepam (Kanto et al. 1980) and other drugs also support the 
observation that plasma-protein binding of drugs may be less on the fetal 
side than maternal side, yet unbound drug concentrations may be similar. 
These results are consistent with the distribution of many drugs across the 
placenta governed by simple diffusion of the unbound molecule. 

Figure 2 shows a theoretical example of drug distribution between 
maternal and fetal plasma. The lower percentage of binding on the fetal 
side results in a greater percentage of free-drug concentration, equivalent 
to that on the maternal side, even though the total concentration (bound 
plus free) is less in the fetal compartment. Some factors that could 
contribute to this situation include differences in pH between maternal 
and fetal plasma, differences in concentrations of particular drug-binding 
proteins, differences in concentrations of endogenous ligands competing 
for the same binding sites on proteins, and saturation of drug protein 
binding. Hill and Abramson (1988) have reviewed many of these factors. 
Thus, measurement of plasma-protein binding of potential compounds for 
drug development for the pregnant addict is important in assessing the 
degree of fetal exposure. 


MATERNAL PLASMA 

'90% Bound + 10% Free = 100% 

(180 ng/ml) (20 ng/ml) u (200 ng/ml) 


80% Bound 
(80 ng/ml) 


PLACENTA 


+ 20% Free 

(20 ng/ml) 

FETAL PLASMA 


100 % 

(100 ng/ml). 


FIGURE 2. A theoretical example of drug distribution across the 
placenta. Total drug concentration on the fetal side is 
lower than on the maternal side {fetal to maternal drug 
concentration ratio equal to 0.50), although free drug 
concentration is similar due to a lesser percentage of 
plasma-protein binding on the fetal side. 
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In contrast to the results described above, Szeto and colleagues (1982) 
found the steady-state concentrations of unbound methadone in fetal and 
maternal plasma to differ widely in the ovine maternal-fetal unit. The 
steady-state unbound methadone concentration in the fetal plasma is 
approximately one-third of that in the maternal plasma. The explanation 
probably lies in the ability of the fetal lamb to clear methadone. The 
degree to which the fetus may participate in drug elimination reduces the 
overall fetal plasma concentration of the drug as compared with the 
maternal plasma concentration. 

Elimination 

In addition to maternal organs, other sources of drug elimination include 
the placenta and fetal liver. The current understanding of drug 
metabolism in the human placenta and fetus is very limited. Human 
placental tissues were found to be capable of metabolizing drugs via each 
of the major drug metabolic reactions, although at a very slow rate 
(Juchau 1985). However, the significance of this placental metabolism to 
the extent of fetal drug exposure and fetal effects remains to be 
investigated. 

Fetal metabolism has been found in studies using fetal liver tissue 
preparations and animal models. In the pregnant ewe model, the fetus 
was able to metabolize drugs such as methadone (Szeto et al. 1982) and 
acetaminophen (Wang et. al. 1985); this metabolism resulted in 
significantly lower drug levels in the fetal plasma than in the maternal 
plasma. Since the metabolic rate of the fetus generally is a fraction of 
that of the mother on a body weight basis, the fetal metabolic rate is 
negligible when compared to the maternal metabolic rate. Therefore, 
fetal metabolism contributes insignificantly to the overall clearance of a 
drug during pregnancy, although it may play a role in reducing the 
overall fetal exposure to the drug. 

Drugs or metabolites that pass the placenta are carried by the umbilical 
vein into the fetal circulation. Drugs may be subject to fetal hepatic 
metabolism, or may be diverted from the fetal liver by the ductus venosus 
directly to the inferior vena cava and to the right side of the fetal heart 
and eventually to other tissues and organs. When eliminated by the fetal 
kidney, drugs or metabolites may accumulate in the amniotic fluid and be 
swallowed by the fetus to create an amniotic-enterohepatic recirculation. 
Alternatively, drugs or metabolites may return to the maternal circulation 
through the umbilical artery via the placenta. Although rarely possible 
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except when using animal models, an estimate of the ability of the fetus 
to clear a potential medication will lend support to the safety of a 
candidate compound. 

Pharmacokinetics-Single Dose 

The time course of drugs in the maternal and fetal plasma after acute drug 
administration is theoretically proposed, and frequently observed in 
animal models, to follow several typical patterns. These have been 
discussed in detail by Levy (1981), Szeto (1982), and others. After single 
dose administration, drug concentration in the fetus at some time 
following equilibration will either be similar in magnitude, higher in fetal 
than maternal plasma, or lower than in the mother. The pharmacokinetic 
characteristics of drugs that exhibit each of these patterns may differ 
substantially. As a hypothetical example, consider a drug that 
equilibrates freely between maternal and fetal plasma. This is the 
situation that may occur when lipophilic soluble drugs freely diffuse 
across the placenta and distribute rapidly in the fetus. One could expect 
that this drug is not preferentially bound to either maternal or fetal plasma 
proteins. If the fetus itself is not eliminating a significant amount of the 
drug, then an early equilibrium may occur and the ratio of fetal to 
maternal concentration is essentially unity. Ethanol is an example of a 
drug showing this type of distribution pattern in monkeys (Hill et al. 

1983). 

A second drug may exhibit a disposition pattern that can be characterized 
by higher fetal than maternal concentrations. Following maternal 
administration, there may be a delay in the time it takes for fetal drug 
concentration to equal maternal concentration, but eventually fetal 
concentration is higher for the majority of time during drug disposition. 
This pattern could be exhibited by a drug with higher plasma-protein 
binding in the fetal than in the maternal compartment, or by extensive 
drug distribution to fetal tissues with relatively slow transfer back to the 
mother as compared with maternal elimination. Drugs that have shown 
higher fetal than maternal concentrations include atropine (Onnen et al. 
1979), diazepam (Nau et al. 1984), and valproic acid (Nau et al. 1981). 

For still another drug, fetal concentration may be lower than maternal 
concentration for most or the entire time course of drug disposition. An 
explanation for this situation could be more extensive maternal than fetal 
protein binding or efficient drug metabolism by the fetus. The majority 
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of therapeutically used drugs appeal - to show this pattern (Hill and 
Abramson 1988). 

In studies using the pregnant ewe as a model for drug disposition 
(Burchfield et al. 1991; DeVane et al. 1991), the author observed that 
individual animals studied in identical experiments of administering 
single IV doses of cocaine could show either of the above patterns of 
maternal and fetal drug concentration profiles. A similar result was found 
with atropine; umbilical vein concentration was found to be higher than 
maternal plasma concentration in some, but not all, neonates and mothers 
studied (Onnen et al. 1979). In figure 3, fetal cocaine concentration can 
be seen to be higher than maternal concentration after 10 minutes in 
animal A and lower than maternal concentration in animal B for the entire 
time course observed. This is an example of intersubject variability, from 
which different conclusions might be reached about cocaine disposition if 
experimental data from only one animal were available. Reasons for 
these differences could include rapid changes in maternal or fetal drug¬ 
binding proteins that occur near term, the effects of differences in pH, or 
competing ligands. Drug development for the pregnant addict should 
ideally include sufficient experimental data to adequately characterize 
intersubject variability in fetal exposure. What is not discernible from the 
data in figure 2 is the degree of intra-animal (i.e., intrasubject) variation 



FIGURE 3. Maternal and fetal cocaine concentrations in two sheep 
following a 2 mg/kg intravenous maternal dose. Data 
from DeVane et al. 1991. 
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in drug concentration that would exist if this experiment had been 
performed at different times during gestation. 

Pharmacodynamics 

Similar to the variability in pharmacokinetics, intrasubject variation in 
pharmacodynamic effects may also occur in the maternal-fetal unit. To 
what extent does the same maternal or fetal drug concentration produce 
different degrees of pharmacologic effects at different times during 
pregnancy? Some data exist to emphasize the importance of this issue. 
Middaugh and colleagues (1983) found that pregnant mice injected with 
phenobarbital had lower concentrations of the drug in plasma compared 
with nonpregnant controls, but equivalent concentrations in the brain. In 
spite of similar brain concentrations, the pregnant mice showed an 
exaggerated behavioral response to phenobarbital compared with the 
nonpregnant animals. These data suggest that both the pharmacokinetics 
and pharmacodynamics of phenobarbital are altered in pregnancy. 

Krauer and colleagues (1980) and Mihaly and Morgan (1984) have 
summarized some of the many physiological changes that occur during 
pregnancy that may influence drug disposition and drug 
pharmacodynamics. 

Pharmacokinetic variability is much easier to quantify than 
pharmacodynamic variability. Pharmacokinetic studies in animals have 
value in allowing exploration of several characteristics of maternal-fetal 
drug disposition that may increase researchers’ insight into drug use in 
pregnant women. For example, when increasing drug doses are 
administered, peak fetal concentration also increases as does overall fetal 
drug exposure. In a linear system, the exposure of the fetus should be 
independent of the route of maternal drug administration (oral versus IM 
versus IV) when bioavailability is complete. Therefore, in developing 
drugs for the pregnant addict, the assessment of linearity is important for 
evaluating the potential for fetal exposure and pharmacodynamic effects. 
If the drug dose exceeds the metabolic capability of the mother, then 
increasing doses will lead to disproportionate increases in drug exposure 
in both the mother and fetus. A consideration in drug development is that 
changing the route of administration for the pregnant addict will not 
likely result in a lower fetal drug exposure, but the rate of drug exposure 
to the fetus may be affected. 

Pharmacokinetic principles have been useful in preventing fetal drug 
effects when drugs are administered shortly before delivery. An example 
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is an accurately timed administration of an anesthetic that is slowly 
distributed to the fetus and allows childbirth before significant amounts of 
fetal drug accumulation can occur to produce sedation or respiratory 
depression in the neonate. This approach is advantageous only in the 
acute dose situation. With chronic pharmacotherapy, as would likely be 
required in treating drug addiction, there is no real possibility of 
excluding the fetus from exposure to the maternally administered drug. 
The current drugs used in the treatment of opiate addiction, including 
methadone and levo-alpha-acetylmethadol (LAAM), appeal - to pass the 
placenta easily (Lichtblau et al. 1982). 


MODELS FOR SCREENING TRANSPLACENTAL PROPERTIES 
OF COMPOUNDS 

Physicochemical properties influence the passage of drugs across the 
placenta. Most drugs with molecular weights below 500 readily pass the 
placenta. With higher weights in the range of 500 to 1,000, passage may 
be slowed but not appreciably limited. Proteins and drugs with molecular 
weights above 1,000 become more restricted (Mirkin 1975). 

Lipid solubility is a major determinant of drug distribution to body 
tissues. In a previous summary of the author’s work using a variety of 
drugs active in the CNS, the ratio of area under the concentration (AUC) 
versus time curve for whole fetal tissues in rats compared to the AUC in 
maternal plasma was shown to correlate with lipid solubility as measured 
by oil-water partition coefficient (DeVane 1991). Lipid solubility may 
also be measured by retention times on reversed-phase liquid 
chromatography columns (Abemethy and Greenblatt 1984). 

The in vitro perfused placental preparation, using guinea pig or human 
tissue, may be used to estimate the participation of the placenta in drug 
clearance, whether metabolites are formed, and the ease with which drugs 
may pass the placenta. In drug development, the in vitro perfused human 
placenta has the advantage of being able to screen for drugs that exhibit a 
large first-pass metabolism by the placenta. Although there are enzyme 
systems in the placenta capable of metabolizing drugs, a first-pass 
metabolism by the placenta does not appear to be a mechanism to 
extensively protect the fetus from drug exposure. 
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METHODS FOR EXTRAPOLATING ANIMAL 
PHARMACOKINETIC DATA TO HUMANS 

Allometric analysis is a powerful tool of comparative physiology that was 
pioneered by Adolph before 1949 (Adolph 1949). The basic allometric 
equation is of the form Y = a M b (equation 1), which relates some 
physiological variable Y to body mass M raised to a fractional power b. 

A constant, a, is incorporated in the equation. In the logarithmic form, 
the equation is written log Y = log a + b log M (equation 2) where b is 
the slope of a straight-line plot and a is the Y-intercept. Allometric 
equations are derived by taking the antilog of empirically observed 
relationships in the form of equation 2 (Dedrick 1973; Mordenti 1986). 

Despite large differences in mass among animals, most mammals have 
similar anatomy, physiology, and biochemistry. Adolph (1949) compiled 
33 equations that related quantitative physiological properties in various 
animals to body weight. Examples include ventilation rate, clearance of 
creatinine, heartbeat duration, and nitrogen output. Since renal blood 
flow is approximately 25 percent of cardiac output regardless of 
mammalian species, it could be expected that allometric relationships 
might exist among different animals in the ability to eliminate drugs. 
Boxenbaum (1984) demonstrated that the intrinsic clearance of antipyrine 
could be scaled across species with the exception of man. When 
maximum lifespan potential (MLP) was incorporated into the 
comparison, which can be scaled among species using body weight and 
brain weight, the addition of human data improved the correlation. 

Various pharmacokinetic parameters have been successfully scaled 
among different species with a variety of drugs. The application of 
interspecies scaling has not been widespread in the field of drug abuse. 
Owens and colleagues (1987) found that phencyclidine (PCP) 
pharmacokinetic parameters (systemic clearance, volume of distribution 
and half-life) correlated well with body weight (r = 0.799 to 0.966) across 
six animal species, including man, using linear regression and an 
allometric equation. An example of the goodness of fit of data from this 
study is presented in figure 4. 

Considerable advantages lie in being able to scale across species. These 
include the ability to produce more meaningful data from animal 
experiments and to interpolate drug doses between animals and humans. 
Interspecies scaling is an attractive approach to predicting drug 
disposition, defining pharmacokinetic equivalence in different species. 
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FIGURE 4. Allometric relationship between body weight and 

phencyclidine clearance (CL PCP ). CL PCP is multiplied by 
the maximum lifespan potential (MLP) for each species. 
Data are taken from Owens et al. 1987. The steady- 
state unbound methadone concentration in the fetal 
plasma is approximately one-third of that in the 
maternal plasma. 


and designing dosage regimens, but does not yet appear to have been 
adapted for measures of fetal drug exposure in animals. 


FURTHER CONSIDERATIONS FOR TREATING THE 
PREGNANT ADDICT 

Dramatic physiological changes occur during pregnancy. This suggests 
an instability exists in pharmacokinetic parameters and pharmacodynamic 
response. Thus, treatment of the pregnant addict must rely on principles 
of good clinical observation and care in addition to pharmacokinetic and 
dynamic studies conducted in animals to predict potential benefits and 
adverse effects. 
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Drugs that are more highly hepatically cleared will likely show greater 
intersubject and intrasubject variability in the degree of fetal exposure 
than drugs that are renally cleared. Unfortunately for drug development 
for the pregnant addict, drugs that are renally cleared may also be less 
lipid soluble and hence of less value in treating drug addiction when the 
CNS is the target. 

The value of conducting concentration-controlled clinical trials in drug 
development programs for treating the pregnant addict can be increased. 
Unfortunately, the pharmacodynamic variability of CNS active drugs 
frequently exceeds their pharmacokinetic variability, so that the value of 
conducting controlled trials with targeted concentrations may be limited. 
Nevertheless, it may be important to monitor plasma drug concentration 
to assess any relationship to side effects or toxicity and to assess the 
degree of intersubject variability. Animal models remain useful in 
screening for physiological and behavioral teratogenic effects during the 
drug development process. 

Drug selection for the pregnant addict relies heavily on a value judgment 
concerning an absence of adverse effects in the neonate or infant, as there 
is no way of avoiding some minimal fetal exposure to drugs that require 
penetration to the mother’s CNS. Nevertheless, the goal is to use enough 
of the drug to be therapeutic without being toxic. Therefore, for adequate 
dosage regimen design, knowledge of some fundamental pharmaco¬ 
kinetic parameters is critical. These include clearance and the elimination 
rate constant from which the drug’s half-life can be determined. 
Interspecies scaling using allometric principles to predict pharmaco¬ 
kinetics in pregnant animals may be an attractive alternative to human 
studies, but should complement studies conducted in nonpregnant 
women. 


CONCLUSION 

The current understanding of drug metabolism in the human placenta and 
fetus is very limited. Human placental tissues were found to be able to 
metabolize drugs via each of the major drug metabolic reactions, 
although at a very slow rate (Juchau 1985). However, the significance of 
the placental metabolism to the fetal drug exposure remains to be 
investigated. Fetal metabolism has been demonstrated in fetal liver tissue 
preparations and in utero in animal models. In the pregnant ewe model, 
the fetus was found to be capable of metabolizing drugs such as 
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methadone and acetaminophen; this resulted in an overall reduced fetal 
exposure to the drugs. The metabolic rate in the fetus in general is a 
fraction of the maternal rate on a body weight basis, and therefore is 
inconsequential to the overall total body metabolism (including the 
maternal and the fetal clearance) of a drug in pregnancy. However, the 
degree to which the fetus participates in drug elimination will reduce the 
overall exposure of the unchanged drug but may result in accumulation of 
the metabolites. 
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The Application of the Principles 
of Toxicology and Teratology in 
Evaluating the Risks of New 
Drugs for Treatment of Drug 
Addiction in Women of 
Reproductive Age 

Robert L. Brent 


INTRODUCTION 

A great deal has been learned about the causes of human birth defects 
during the past few decades. Yet a substantial percentage of human birth 
defects do not have a definitive etiology (Brent 1985). It is important to 
recognize that environmental causes are responsible for about 10 percent 
of human birth defects including maternal disease states, maternal 
infection, mechanical factors or problems of constraint, the etiology of 
birth defects, and exogenous chemicals, drugs, and physical agents. Yet 
the etiology of birth defects is an area of active epidemiological and 
laboratory investigation. Prescription drugs, illicit drugs, and 
environmental chemicals in all likelihood account for a very small 
proportion of human malformations, but illicit drug use is associated with 
a high incidence of reproductive problems. Environmentally induced 
birth defects can be prevented; therefore, the identification of drugs and 
chemicals with a significant teratogenic risk is worthy of pursuit. 

The scientific basis for understanding the risk of congenital malforma¬ 
tions from exposure to environmental agents relates to several concepts 
based on toxicological and embryological dogma. The first principle is 
that teratogens have a typical toxicological dose-response relationship 
along with a no-effect dose. Both the severity and frequency of the 
effects are expected to increase as the dose is increased, but there is a 
dose below which no increased teratogenic effects are observed. 

Secondly, the stage of gestation is critical to the effects that are expected; 
all stages of embryogenesis and fetogenesis are vulnerable to 
environmental toxicants. Thirdly, the response of the embryo and fetus is 
quite characteristic for each teratogenic agent, although there is clearly 
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some similarity and overlap with regard to the effect of certain teratogens. 
It is very clear that known teratogens have a specificity and a confined 
limit to their ability to injure the developing embryo or fetus. 

Genetic causes are an important etiology of reproductive failure and 
account for 20 to 25 percent of human birth defects. However, the largest 
proportion of birth defects have no definitive etiology. Some of these 
malformations may be due to intrinsic, nonpreventable, spontaneous 
errors of development. 

It is important to recognize that the most reliable estimate of the risk of 
environmental teratogens is derived from human epidemiological studies 
and that laboratory toxicology studies may clarify some aspects of the 
epidemiological studies. Methods of evaluating alleged teratogenicity are 
presented in this chapter. Since many drugs developed to treat drug 
addiction may be new drugs, results of epidemiological studies may not 
be available. Therefore, appropriate animal studies may be necessary to 
screen these new drugs for their reproductive toxicity using modem 
pharmacokinetic tools. This chapter presents the pitfalls of in vivo and in 
vitro studies, and includes methods to improve the quality of animal 
studies for determining reproductive risks. 


BASIC PRINCIPLES 

Etiologies of Congenital Malformations 

There have been dramatic changes in man's explanations of the causes of 
human birth defects. In ancient times, the causes of birth defects were 
dominated by superstition, ignorance, and prejudice. The stigma 
associated with birth defects has primitive beginnings and persists today. 
In the minds of many, even the most sophisticated, a birth defect may be 
perceived as a punishment. At the beginning of this century the 
predominant cause of birth defects was believed to be genetic, and the 
remaining birth defects were unsolved clinical problems. The etiology of 
congenital malformations can be divided into three categories: unknown, 
genetic, and environmental factors (table 1). 

The etiology of the majority of human malformations, approximately 
65 to 75 percent, is unknown (Brent 1976, 1985; Heinonen et al. 1977; 
Wilson 1973). However, a significant proportion of congenital 
malformations of unknown etiology is likely to be polygenic, that is, due 
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TABLE 1. Etiology of human congenital malformations observed 
during the first year of life. * 


SUSPECTED CAUSE 

PERCENTAGE 
OF TOTAL 

Unknown 

Polygenic 

Multifactorial (gene-environment interactions) 
Spontaneous errors of development 

Synergistic interactions of teratogens 

65-75 

Genetic 

Autosomal and sex-linked genetic disease 

New mutations 

Cytogenetic (chromosomal abnormalities) 

10-25 

Environmental 

10 

Maternal conditions: Alcoholism; diabetes; 

endocrinopathies; phenylketonuria; smoking and 
nicotine; starvation; nutritional 

4 

Infectious agents: Rubella, toxoplasmosis, 
syphilis, herpes, cytomegalic inclusion 
disease, varicella, Venezuelan equine 
encephalitis, parvovirus B 19 

3 

Mechanical problems (deformations): Amniotic 

band constrictions; umbilical cord constraint; 

disparity in uterine size and uterine contents 

1-2 

Chemicals, prescription drugs, high dose ionizing 
radiation, hyperthermia 

<1 


‘"Adapted from Brent (1976, 1985) and Brent and Holmes (1988). 
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to two or more genetic loci (Carter 1976; MacLaughlin 1977) or at least 
having an important genetic component. Malformations with an 
increased recurrent risk such as cleft lip and palate, anencephaly, spina 
bifida, certain congenital heart diseases, pyloric stenosis, hypospadias, 
inguinal hernia, talipes equinovarus, and congenital dislocation of the hip 
can fit the categories of multifactorial disease and polygenic inherited 
disease (Carter 1976; Fraser 1976). 

The multifactorial/threshold hypothesis (Fraser 1976) involves the 
modulation of a continuum of genetic characteristics by intrinsic and 
extrinsic (environmental) factors. Although the modulating factors are 
not known, they probably include placental blood flow, placental 
transport, site of implantation, maternal disease states, infections, drugs, 
chemicals, and spontaneous errors of development. 

Spontaneous errors of development may account for some of the 
malformations that occur without apparent abnormalities of the genome 
or environmental influence. The author postulates that there is a low 
probability for error during embryonic development based on the fact that 
embryonic development is a complicated process that may go awry, 
similar to the concept of spontaneous mutations (Brent 1964; Fraser 
1976). It has been estimated that up to 50 percent of all fertilized human 
ova are lost within the first 3 weeks of development (Hertig 1967). The 
World Health Organization (1970) estimated that 15 percent of all 
clinically recognizable pregnancies end in a spontaneous abortion, while 
50 to 60 percent of the spontaneously aborted fetuses have chromosomal 
abnormalities (Boue et al. 1975; Simpson 1980) (tables 2 and 3). This 
estimate means that, conservatively, 1,173 clinically recognized 
pregnancies will result in approximately 173 miscarriages, and 30 to 
60 infants will have congenital anomalies in the remaining 1,000 live 
births. The true incidence of pregnancy loss is much higher, but 
undocumented pregnancies are not included in this risk estimate. 

The 3 to 6 percent incidence of malformed offspring represents the 
background risk for human maldevelopment. It is obvious that the 
human species has significant developmental risks at the beginning of 
each pregnancy (table 2). It is important to recognize the high proportion 
of the population that is affected by reproductive problems before 
undertaking any epidemiological study dealing with reproduction. While 
little is known about the mechanisms that result in the in utero death of 
defective embryos (Warkany 1978), it is perhaps more important to 
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TABLE 2. Reproductive risks in human populations. 


Reproductive Risk 

Frequency 

Immunologically and clinically 

350,000 

diagnosed spontaneous abortions per 10 6 
conceptions 

Clinically recognized spontaneous 

150,000 

abortion per 10 6 pregnancies 

Genetic diseases per 10 6 births 

110,000 

Multifactorial or polygenic (genetic- 

90,000 

environmental interactions) 

Dominantly inherited disease 

10,000 

Autosomal and sex-linked genetic disease 

1,200 

Cytogenetic (chromosomal abnormalities) 

5,000 

New mutations 

3,000 

Major congenital malformations per 10 6 

30,000 

births (many are genetic in etiology) 

Prematurity per 10 6 births 

40,000 

Fetal growth retardation per 10 6 births 

30,000 

Stillbirths per 10 6 pregnancies (>20 wks) 

20,900 

Infertility 

15% of couples 


Environmental Risk Parameters or Modifiers 

A basic tenet of environmentally produced malformations is that 
teratogens or teratogenic milieu have certain characteristics in common 
and follow certain basic principles. These principles determine the 
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TABLE 3. Estimated outcome of 100 pregnancies versus time from 
conception. 


Time from 

Conception 

Percent 

Survival 

To Term* 

Percent 

Death 

During 

Interval* 

Last Time For Induction of Selected 

Malformations* 

Preimplantation 

0-6 days 

25 

54.55 


Postimplantation 

7-13 days 

55 

24.66 


14-20 days 

73 

8.18 


3-5 weeks 

79.5 

7.56 

22-23 days Cyclopia; sirenomelia, 

microtia 

26 day Anencephaly 

28 day Meningomyelocele 

34 day Transposition of great 

vessels 

6-9 wk 

90 

6.52 

36 day Cleft lip 

6 wk Diaphragmatic hernia, rectal 
atresia, ventricular septal 
defect, syndactyly 

9 wk Cleft palate 

10-13 wk 

92 

4.42 

10 wk Omphalocele 

14-17 wk 

96.26 

1.33 

12 wk Hypospadias 

18-21 wk 

97.56 

0.85 


22-25 wk 

98.39 

0.31 


26-29 wk 

98.69 

0.30 


30-33 wk 

98.98 

0.30 


34-37 wk 

99.26 

0.34 


38+ wk 

99.32 

0.68 

38+ wk CNS cell depletion 


SOURCE: * Data from Kline and Stein 1985. 


NOTE: An estimated 50 to 70 percent of all human conceptions are lost 
in the first 30 weeks of gestation (Hertig 1967) and 78 percent 
are lost before term (Robert and Lowe 1975). 

KEY: + Modified from Schardein 1985. 
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quantitative and qualitative aspects of environmentally produced 
malformations. 

Embryonic Stage. The induction of malformations by environmental 
agents usually results in a spectrum of malformations that varies 
somewhat because of variations in stage of exposure and dose. The 
gestational period when an exposure occurs determines what structures 
are most susceptible to the deleterious effects of the drug or chemical and 
to what extent the embryo can repair the damage. Furthermore, the 
period of sensitivity may be narrow or broad, depending on the 
environmental agent and the malformation in question. Limb defects and 
other malformations produced by thalidomide have a very short period of 
susceptibility (table 4), while microcephaly produced by radiation has a 
long period of susceptibility. 

Dose or Magnitude of the Exposure. The quantitative corxelation of 
the severity and frequency of the embryopathic effects with the dose of a 
drug, chemical, or other agent is referred to as the dose-response 


TABLE 4. Human developmental stages sensitive to thalidomide 
teratogenesis. 


Developmental Stage 
(days) 

Congenital Malformations 

21-26 

Thumb aplasia 

22-24 

Microtia 

23-34 

Hip dislocation 

24-29 

Amelia, upper limbs 

24-33 

Phocomelia, upper limbs 

25-31 

Preaxial aplasia, upper limb 

27-32 

Amelia, lower limb 

28-33 

Preaxial aplasia, lower limb 

28-33 

Phocomelia, lower limb 

Femoral hypoplasia 

Girdle hypoplasia 


SOURCE: Adapted from Brent and Holmes 1988. 
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relationship. This is extremely important when comparing effects among 
different species, because usage of milligram/kilogram (mg/kg) doses are, 
at most, rough approximations. Dose equivalence among species can 
only be accomplished by performing pharmacokinetic studies, metabolic 
studies, and dose-response investigations in humans and the species being 
studied. 

Threshold Dose. The threshold dose is the exposure below which the 
incidence of death, malformation, growth retardation, or functional deficit 
is not statistically greater than that of controls. The threshold level of 
exposure is usually from less than one to three orders of magnitude below 
the teratogenic or embryopathic dose for drugs and chemicals that kill or 
malform half of the embryos. Therefore, an exogenous teratogenic agent 
has a demonstrable no-effect dose as compared to mutagens or 
carcinogens, which have a stochastic dose response curve. Threshold 
phenomena are compared to stochastic phenomena in table 5. The 


TABLE 5. Relationship of the risk and nature of diseases produced by 
environmental agents and the exposure. 


Relationship 

Pathology 

Site 

Diseases 

Risk 

Definition 

Stochastic 

Damage to a 

DNA 

Cancer, 

Some risk 

The incidence 

phenomena 

single cell 


mutation 

exists at all 

of disease 


may result in 



dosages; at 

increases but 


disease 



low 

the severity 





exposures 

and nature of 





the risk is 

the disease 





below the 

remain the 





spontaneous 

risk 

same 

Threshold 

Multicellular 

Great 

Malfor¬ 

Completely 

Both the 

phenomena 

injury 

variation in 

mation, 

disappears 

severity and 



etiology. 

growth 

below 

incidence of 



affecting 

retardation, 

threshold 

disease 



many cell 

chemical 

dose 

increase with 



and organ 

toxicity, 


dose 



processes 

etc. 



SOURCE: 

From Brent 

1986. 
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severity and incidence of malformations produced by every exogenous 
teratogenic agent that has been appropriately tested have exhibited 
threshold phenomena during organogenesis (Wilson 1973). 

Pharmacokinetics and Metabolism of the Agent. The physiologic 
alterations in pregnancy and the bioconversion of compounds can 
significantly influence the teratogenic effects of drugs and chemicals by 
affecting absorption, body distribution, active form(s), and excretion of 
the compound. 

Placental Transport. The exchange between the embryo and the 
maternal organism is controlled by the placenta, which includes the 
chorioplacenta, the yolk sac placenta, and the paraplacental chorion. The 
placenta varies in structure and function among species and for each stage 
of gestation. As an example, the rodent yolk sac placenta continues to 
function as an organ of transport for a much greater part of gestation than 
in the human. Thus species differences in placental function and 
structure may affect the ability to apply teratogenic data developed in one 
species directly to other species, including the human (Brent 1976). As 
pharmacokinetic techniques and the actual measurement of metabolic 
products in the embryo become more sophisticated, the appropriateness 
of using animal data to predict human effects may improve. 

While it has been alleged that the placental barrier was protective, and 
therefore harmful substances did not reach the embryo, it is now clear 
that there is no placental barrier per se. Yet the package inserts on many 
drugs state that “this drug crosses the placental barrier” (Brent 1982). 

The uninitiated may infer from this statement that this characteristic of a 
drug is both unusual and hazardous. The fact is that most drugs and 
chemicals cross the placenta. It would be a rare substance that could 
cross the placental barrier in one species, yet be unable to reach the fetus 
in another. No such chemical exists, except for selected proteins and 
many macromolecules whose actions are species-specific. 

Species Differences. The genetic constitution of an organism is an 
important factor in a species’ susceptibility to a drug or chemical. More 
than 30 disorders of increased sensitivity to drug toxicity or effects have 
been reported in humans due to an inherited trait (McKusick 1988). The 
effect of a drug or chemical depends on both the maternal and fetal 
genotypes, and may result in differences in cell sensitivity, placental 
transport, absorption, metabolism (activation, inactivation, active 
metabolites), receptor binding, and distribution. Differences in any of 
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these areas may account for some variations in teratogenic effects among 
species and in individual subjects. 

Evaluation of Drugs and Chemicals for Potential 
Teratogenicity in the Human 

While human epidemiological studies and clinical teratology observations 
are the foundation of teratogen discovery, chemicals and drugs can be 
evaluated for fetotoxic potential using in vivo animal studies and in vitro 
systems. It should be recognized that these nonhuman testing procedures 
are only one component in the process of evaluating the potential 
teratogenic risk of drugs and chemicals in humans. When possible, the 
evaluation of drug and chemical teratogenicity should include data 
obtained from human epidemiological studies, secular trend data in 
humans, animal developmental toxicity studies, the dose-response 
relationship to the teratogen and the relationship to the human 
pharmacokinetic equivalent dose in the animal studies, and considerations 
of biological plausibility (table 6) (Brent 1978, 1983, 1986; Shepard 
1986). This method is of greatest value when used to evaluate chemicals 
and drugs that have been in use for some time, and (to a lesser extent) to 
evaluate new drugs that have a similar mechanism of action, structure, 
pharmacology, and purpose relative to other agents that have been 
extensively studied. 


TABLE 6. Proof of teratogenesis in the human. 


1) Controlled epidemiologic studies consistently demonstrate an 
increased incidence of a particular spectrum of congenital 
malformation in exposed human populations. 

2) Secular trends demonstrate a relationship between the incidence of a 
particular malformation and changing exposures in human 
populations. 

3) An animal model mimics the human malformations at clinically 
comparable exposures. 

4) The teratogenic effects increase with dose. 

5) The mechanisms of teratogenesis are understood and/or the results 
are biologically plausible. 


SOURCE: Brent 1986. 
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TABLE 7. Human teratogens identified since the thalidomide tragedy 
by human epidemiological studies, alert physicians or 
scientists, and/or animal studies. 


Teratogenic agents 

Year 

Human studies 

In vivo or in 

vitro animal 

studies 

Anticonvulsants 

(Chronic administration) 
Hydantoins 

1963 

+ + 


Trimethadione 

1970 

+ + 


Valproic acid 

1982 

+ + 

+ 

Vitamin analogs 

Hypervitamin A 

1953 


+ 

Isotretinoin Etretinate 

1983 

+ + 

++ 

PCBs 

1968 

+ + 


Coumarin 

1968 

+ + 


Alcohol 

1967 

+ + 


Lithium 

1970 

+ + 


Diethylstilbestrol 

1971 

+ + 


Penicillamine 

1971 

+ + 


ACE inhibitors 

1982 

+ + 


Chorionic villus sampling 

1991 

+ + 

+ /- 


KEY: ++ Indicates that it was the major factor in the discovery of a 


human teratogenic effect. 

+/- Findings controversial. 

+ Indicates that it contributed to the suspicion that there was a 
teratogenic effect. 


Few human teratogens have been initially discovered from animal 
experiments (table 7). Animal experiments are very helpful in supporting 
consistent findings discovered in human epidemiological studies or to 
study mechanisms of teratogenesis and the pharmacokinetics of 
reproductive toxins. 

Some investigators and regulatory agencies divide drugs and chemicals 
into teratogenic and nonteratogenic compounds. In reality, teratogenic 
potential can only be evaluated if one considers the agent, the dose, the 
species, and the stage of gestation at the time of administration. For 
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example, vitamin A and aspirin are not teratogenic during the sensitive 
organogenetic period if used in their appropriate dose, although they are 
teratogenic at higher exposures. Working definitions are suggested. 

• Human Teratogen: An agent or milieu that has been demonstrated to 
produce permanent alterations in the human embryo or fetus 
following intrauterine exposures that usually occur or are attainable. 

• Potential Human Terutogen: An agent or milieu that has not been 
demonstrated to produce permanent alterations in the embryo or fetus 
following intrauterine exposures that usually occur or are attainable, 
but can affect the embryo or fetus if the exposure is substantially 
greater than the usual human exposure. 

• Nonhuman Teratogen: An agent or milieu that has no embryotoxic 
or fetotoxic potential because it is nontoxic at any dose, or because it 
is so toxic to the mother that it kills the mother before or at the same 
dose that it begins to affect the embryo. 

Potential human teratogens constitute the largest group, because it 
includes all drugs and chemicals that can produce embryotoxic and 
fetotoxic effects at some exposure. Since these exposures do not occur or 
are not attained in humans, they usually represent no risk or minimal risks 
to the human embryo. 


PRINCIPLES OF CLINICAL TERATOLOGY 

Clinicians and scientists' misconceptions have lead to some confusion 
regarding the potential effects of proven teratogens. Erroneous dogma 
include the following concepts: 

• If an agent can produce one type of malformation, it can produce any 
malformation. 

• An agent presents a risk at any dose once it is proven to be 
teratogenic. 

Both of these concepts are wrong. The contributions of clinical 
teratologists and dysmorphologists clearly indicate that proven teratogens 
do not have the ability to produce every birth defect. More importantly, 
the concept of the syndrome in clinical medicine is probably more 
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appropriate in clinical teratology than any other area of clinical medicine. 
Many teratogens can be identified on the basis of the malformations that 
are produced. It is also true that there is substantial overlap in 
malformation syndromes. The syndromes may not always be separable, 
and environmentally produced birth defects may be confused with 
genetically determined malformations. As an example, a patient with 
bilateral radial aplasia and a ventricular defect may have Holt-Oram 
syndrome or thalidomide teratogenesis. It may or may not be possible to 
make a definitive diagnosis, even with a history of thalidomide ingestion 
during pregnancy. 

The specificity of some environmental teratogens can sometimes point to 
the mechanism or site of action. For instance, the predominant central 
nervous system (CNS) effects of methyl mercury are understood when 
one realizes the propensity for organic mercury to be stored in lipid. 

Similar symptoms or signs appear in many teratogenic syndromes and are 
therefore not very discriminating, such as growth retardation or mental 
retardation. On the other hand, rare or specific neurologic effects such as 
deafness, retinitis, or the pattern of cerebral calcifications may point to a 
specific teratogen. 

Epidemiologists sometimes use poor judgment when collating and 
classifying malformations. As an example, limb reduction defects (LRD) 
are frequently studied with regard to their association with environmental 
teratogens. In many of the studies, limb defects that are clearly related to 
problems of organogenesis are classified with congenital amputations. 

Yet it is very unlikely that any agent being studied is responsible for both 
types of malformations. It is clear that epidemiological studies could be 
markedly improved if there were more input from clinical teratologists in 
planning and performing the studies. 


HUMAN TERATOGENS 

There are over 40 environmental agents or groups of agents that result in 
reproductive toxicity, teratogenicity, or both (table 8). In the past few 
years, new teratogens that produce vascular disruptive phenomena have 
been reported, such as chorionic villus sampling, misoprostol, and most 
recently cigarette smoking. All of these agents are low risk teratogens 
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TABLE 8. Environmental influences on human teratogenesis: Effects, associations, and allegations. 


Environmental influence 


Reported effects or associations 


Comments 




Alcohol 


Aminopterin, Methotrexate 


Androgens 


Fetal alcohol syndrome: intrauterine 
growth retardation (IUGR), maxillary 
hypoplasia, reduction in width of 
palpebral fissures, characteristic but not 
diagnostic facial features microcephaly, 
mental retardation. 


Microcephalus, hydrocephalus, cleft 
palate, meningomyelocele, IUGR, 
abnormal cranial ossification, reduction 
in derivatives of first branchial arch 
mental retardation, postnatal growth 
retardation. 

Masculinization of female embryo: 
clitotomegaly with or without fusion of 
labia minora Nongenital 
malformations not a reported risk. 


Direct cytotoxic effects of ethanol and 
indirect effects of alcoholism. 
Consumption of 6 oz. of alcohol or 
more per day constitutes a high risk; 
likely that detrimental effects can occur 
at lower exposures. Threshold 
teratogenic dose is likely; varies in 
individuals due to multiple factors. 

Anticancer, antimetabolic agents; folic 
acid antagonists that inhibit 
dihydrofolate reductase, resulting in 
cell death. 


Effects are dose dependent; stimulates 
growth and differentiation of sex 
steroid receptor-containing tissue. 
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TABLE 8. Environmental influences on human teratogenesis: Effects, associations, and allegations 
(continued). 


Environmental influence 


Reported effects or associations 


Comments 


Angiotensin converting enzyme (ACE) 
inhibitors 


Caffeine 


Fetal and neonatal death, 
oligohydramnios, pulmonary 
hypoplasia, neonatal anuria, IUGR, and 
skull hypoplasia. 


Teratogenic in rodent species with 
doses of 150 mg/kg. There is no 
convincing data that moderate or usual 
exposures present a measurable 
teratogenic risk. Some epidemiological 
studies indicate small differences in 
growth and pregnancy loss in the 
caffeine-exposed groups; many other 
studies are negative. Co-use of alcohol 
and tobacco makes analysis extremely 
difficult. 


Antihypertensive agents; adverse fetal 
effects are related to severe fetal 
hypotension over a long period of time 
during the second or third trimester. 
Risk appears to be low. If a woman 
becomes pregnant, therapy can be 
changed during the first trimester 
without increased risk of teratogenesis. 
This group of drugs does not interfere 
with organogenesis. 

Exposure to 300 mg caffeine per day or 
less presents no reproductive risks. 
Behavioral effects reported but appear 
to be transient or temporary, although 
more research is needed. No evidence 
that a fetal caffeine syndrome exists for 
any malformation or group of 
malformations. 





TABLE 8. Environmental influences on human teratogenesis: Effects, associations, and allegations 
(continued). 


Environmental influence 


Reported effects or associations 


Comments 


KJx 


Carbamazepine 


Cocaine 


Minor craniofacial defects (upslanting 
palpebral fissures, epicanthal folds, 
short nose with long philtrum), 
fingernail hypoplasia, and 
developmental delay. 

Preterm delivery; fetal loss; IUGR; 
microcephaly; neurobehavioral 
abnormalities; vascular disruptive 
phenomena resulting in limb 
amputation, cerebral infarctions and 
certain types of visceral and urinary 
tract malformations. Poor nutrition 
accompanies drug abuse, and multiple 
drug use is common. Because of the 
mechanism of cocaine teratogenicity, a 
well-defined cocaine syndrome is not 
likely. 


Anticonvulsant; little known 
concerning mechanism. Risk unknown 
but likely to be significant for minor 
defects. 

Cocaine causes a complex pattern of 
cardiovascular effects due to its local 
anesthetic and sympathomimetic 
activities in the mother. Fetopathology 
likely due to decreased uterine blood 
flow and fetal vascular effects. 
Significant risk of deleterious effects 
on fetal outcome. Low risk of major 
disruptive effects, but can occur in the 
latter portion of the first trimester as 
well as the second and third trimester. 





TABLE 8. Environmental influences on human teratogenesis: Effects, associations, and allegations 
(continued). 


Environmental influence 

Reported effects or associations 

Comments 

Chorionic villus sampling (CVS) 

Low but increased risk of orofacial 

malformations and limb reduction 
defects of the congenital amputation 
type as seen in vascular disruption 

malformations. 

Reports from several clinics; many 
large clinical programs using CVS do 
not report an increase in LRD in the 
offspring. Undetermined whether 
technical skill in CVS, ascertainment 
bias, or clustering accounts for these 
findings. 

Coumarin 

Nasal hypoplasia, stippling of 
secondary epiphysis; IUGR, anomalies 
of eyes, hands, neck, variable CNS 

anatomical defects such as absent 
corpus callosum, hydrocephalus, or 
asymmetrical brain hypoplasia. 

Anticoagulant; bleeding is an unlikely 
explanation for effects produced in the 
first trimester. Risk 10 to 25 percent 
during 8th to 14th week of gestation. 

CNS anatomical defects may occur 
anytime during second and third 
trimester and may be related to 
bleeding. 

Cyclophosphamide 

Growth retardation, ectrodactyly, 
syndactyly, cardiovascular anomalies, 
and other minor anomalies. 

Anticancer, alkylating agent; requires 
cytochrome P450 monooxydase 
activation; interacts with DNA, 
resulting in cell death. Magnitude of 
risk unknown. 
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Environmental influence 


Reported effects or associations 


Comments 


Diethylstilbestrol (DES) 


Diphenylhydantoin 


Clear cell adenocarcinoma of the 
vagina occurs between 1:1,000 and 
1: 10,000 in girls exposed in utero. 
Vaginal adenosis much more frequent. 
Anomalies of the uterus and cervix 
may play a role in decreased fertility 
and increased prematurity although the 
majority of DES babies can conceive 
and deliver normal babies. Case reports 
of masculinization of the female fetus 
after high doses. The dose that 
increases risk of genitourinary 
abnormalities in the male is 
controversial. 

Hydantoin syndrome: microcephaly, 
mental retardation, cleft lip/palate, 
hypoplastic nails and distal phalanges; 
characteristic, but not diagnostic facial 
features. 


Synthetic estrogen; stimulates estrogen 
receptor-containing tissue, may cause 
misplaced genital tissue which has a 
greater propensity to develop cancer. 
Vaginal adenosis from exposures 
before 9th week of pregnancy, 75 
percent risk; risk of adenocarcinoma is 
low (1 in 10,000). 


Anticonvulsant; direct effect on cell 
membranes, folate, and vitamin K 
metabolism. Metabolic intermediate 
(epoxide) suggested as the teratogenic 
agent. Wide variation in reported risk. 
Associations documented only with 
chronic exposure. 
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Environmental influence Reported effects or associations Comments 

Electromagnetic fields (EMF) Although there are reports that video Pregnant animals exposed to EMF do 

display terminals (VDT) and power not exhibit consistent or reproducible 

lines are associated with abortion and reproductive effects. Human exposures 
congenital malformations in the to VDTs and power lines are quite low 

offspring of exposed mothers, the and are unlikely to have reproductive 

majority of studies do not support this effects. Questions about biologic 

association. effects from frequencies and wave 

forms of magnetic fields have not been 
adequately studied. 

Infectious agents Cytotoxic effects and inflammatory 

responses from fetal infections interfere 
with organogenesis and/or 
histogenesis. Characteristic syndromes 
related to the specific tissue localizaton 
and pathologic characteristics of the 
infectious agent and the duration of 
infectious process in embryo and fetus. 
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Environmental influence 

Reported effects or associations 

Comments 

Infectious agents (cont.) 

Rubella 

>80 percent incidence of embryonic 
infection with exposure in first 12 
weeks, 54 percent at 13 to 14 weeks, 

25 percent at end of second trimester, 
and 100 percent at term. Defects 
include mental retardation, deafness, 
cardiovascular malformations, 
cataracts, glaucoma, microphthalmia. 


Cytomegalovirus 

IUGR. Risk of brain damage is 50 
percent after infection early in 
pregnancy. Characteristic parenchymal 
calcification. 


Herpes simplex 

Generalized organ infections, 
microcephaly, hepatitis, eye defects, 
vesicular rash. Maternal infection can 
be transmitted in utero or perinatally. 


Parvovims B 19 

Infection can result in erythema 
infectiosum in children; in the fetus can 
result in hydrops fetalis and fetal death. 
Congenital anomalies likely to be very 

rare. 
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Environmental influence Reported effects or associations Comments 

Infectious agents (cont.) 

Syphilis Defects in 50 percent of offspring after 

early exposure to primary or secondary 
syphilis and 10 percent after late 
exposures. Defects include 
maculopapular rash, 
hepatosplenomegaly. deformed nails, 
osteochondritis at joints of extremities, 
congenital neurosyphilis, abnormal 
epiphyses, chorioretinitis. 

Toxoplasmosis Hydrocephaly, microphthalmia, 

chorioretinitis. Risk is predominantly 
associated with maternal infection 
during pregnancy. 

Varicella-zoster Skin and muscle defects, IUGR, LRD. 

No measurable increase in risk of 
classical early teratogenic effects. 

Actual risk of maternal varicella during 
pregnancy is quite low. Great risk of 
severe neonatal varicella if maternal 
infection occurs in last week of 
pregnancy. 
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Environmental influence 

Reported effects or associations 

Comments 

Infectious agents (cont.) 

Venezuelan equine encephalitis 

Hydroanencephaly, microphthalmia, 

CNS destructive lesions, and luxation 
of hip. 


Lead (serum levels of 

10-25 pgm %) 

While there is no indication that serum 
lead levels of this magnitude can result 
in congenital malformations in exposed 
embryos and fetuses, there are 
indications that the developing CNS in 
the fetus and child may be susceptible 
to lead effects resulting in decreased IQ 
and behavioral effects. 

There is clear evidence that lead levels 

that result in anemia and 
encephalopathy (serum levels > 50-70 
pgms %) can have serious effects on 

CNS development. Human studies 
indicate small deficiencies in IQ in 
patients with 20-25 pgm % semm 
level; there could be other explanations 
for these IQ differences. Pathological 
findings have not been described in the 
brain at these levels. 

Lithium carbonate 

Animal studies have demonstrated a 
clear teratogenic risk, effect in humans 
is uncertain. Early reports indicated an 
increased incidence of Ebstein’s 
anomaly and other heart and great 
vessel defects, but as more studies are 
reported the magnitude of this 
association has diminished. 

Antidepressant; mechanism undefined. 
Risk is low. 
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Environmental influence 

Reported effects or associations 

Comments 

Maternal conditions 

Diabetes 

Caudal dysplasia or caudal regression 
syndrome, congenital heart disease, 
anencephaly. 

Insulin therapy protects the fetus. Fetal 
growth retardation may result from 
vascular lesions in long standing 
diabetics which can produce placental 
dysfunction, and from hyperglycemia 
as well as undetermined metabolic 

alterations. 

Maternal endocrinopathy 

If condition is compatible with 
pregnancy, effects are similar to those 
following administration of high doses 

of the hormone. 

Receptor-mediated exposures to high 
levels of hormone 
(hypercorticosteroidism, 
hyperthyroidism, hyperinsulinism, 
hyperandrogens, etc.). 

Nutritional deprivation 

CNS anomalies, IUGR, and increased 
morbidity. In many instances of 
teratogenesis, abnormal nutrition may 
be the final common mechanism for 

teratogenesis. 

The high mitotic rate of the fetus in 
general and the CNS in particular is 
very sensitive to severe alterations in 
nutrient supply. 

Phenylketonuria 

Mental retardation, microcephaly, 

IUGR, embryonic and fetal loss. 

High levels of phenylalanine interfere 
with embryonic cell metabolism. 
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Environmental influence 

Reported effects or associations 

Comments 

Mechanical problems 

Birth defects such as club feet, limb 
reduction defects, aplasia cutis, cranial 
asymmetry, external ear malformations, 
midline closure defects, and muscle 
aplasia. 

Physical constraint can result in 
distortion and a reduction in blood 

supply and is more frequent in 
pregnancies with multiple concepti, 
abnormal uteri, amniotic abnormalities, 
certain placental abnormalities, and 
oligohydramnios. 

Methylmercury 

Minamata disease: cerebral palsy, 
microcephaly, mental retardation, 
blindness, cerebellar hypoplasia. 

Organic mercurials have a propensity 
to accumulate in lipid tissue, causing 

cell death due to inhibition of cellular 

enzymes, especially sulfhydryl 
enzymes. Since most cases are the 

result of accidental environmental 
exposure, estimation of risk is usually 
retrospective. 

Misoprostol 

A synthetic prostaglandin analog that is 
used illegally by millions of women for 
the purpose of abortion. A low but 
significant increase in vascular 
disruptive phenomenon such as LRD. 
Mobius syndrome has been reported. 

Classical animal teratology studies 
would not be helpful in discovering 
these effects because vascular 
disruptive effects occur after early 
organogenesis and are low risk 
phenomena. 
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Environmental influence 

Reported effects or associations 

Comments 

Oxazolidine-2,4-diones 
(Trimethadione, paramethadione) 

Fetal trimethadione syndrome: 

V-shaped eyebrows, low-set ears with 
anteriorly folded helix, high-arched 
palate, irregular teeth, CNS anomalies, 
severe developmental delay. 

Anticonvulsants; affects cell membrane 
permeability. Actual mechanism of 

action undetermined. Wide variation in 

reported risk. Characteristic facial 
features documented only with chronic 

exposure. 

Penicillamine 

Cutis laxa, hyperflexibility of joints. 

Copper chelating agent; produces 
copper deficiency inhibiting collagen 
synthesis and maturation. Condition 
appears to be reversible and the risk is 

low. 

Polychlorinated biphenyls (PCBs) 

Cola-colored children; pigmentation of 
gums, nails, and groin; hypoplastic 
deformed nails; IUGR, abnormal skull 

calcification. 

Environmental contaminants; PCBs 
and commonly occurring contaminants 
are cytotoxic. Body residues in women 
with large exposures can affect 
subsequent offspring for up to 4 years 
after exposure. 
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Environmental influence 

Reported effects or associations 

Comments 

Progestins 

Masculinization of female embryo 
exposed to high doses of some 
testosterone derived progestins. Dose 
of progestins in modem oral 
contraceptives presents no 

masculinization or feminization risks. 

All progestins present no risk for 
nongenital malformations. 

Stimulates or interferes with sex steroid 

receptor-containing tissue. 

Radioactive isotopes 

Tissue- and organ-specific damage 
dependent on the radioisotope element 
and distribution; i.e., 131 I. If 
administered to pregnant mother can 
cause fetal thyroid hypoplasia after the 
8th week of development. 

Higher doses of radioisotopes can 
produce cell death and mitotic delay. 
Effect is dependent on dose, 
distribution, metabolism, and 
specificity of localization. 

Radiation (external irradiation) 

Microcephaly, mental retardation, eye 
anomalies, IUGR, visceral 
malformations depend on dose and 
stage of exposure. 

Therapeutic radiation produces cell 
death and mitotic delay. No measurable 
risk with exposures of 5 rad (0.05 Gy) 
or less of x rays at any stage of 

pregnancy. 





156 


TABLE 8. Environmental influences on human teratogenesis: Effects, associations, and allegations 
(continued). 


Environmental influence 


Reported effects or associations 


Comments 


Retinoids, systemic administration 
(Etrentinate, isotretinoin) 


Retinoids, topical (Tretinoin) 


Increased risk of CNS, cardioaortic, 
ear, and clefting defects. Microtia, 
anotia, thymic aplasia, and other 
branchial arch and aortic arch 
abnormalities. 

Case reports of malformed offspring of 
mothers who used topical tretinoin for 
treatment of acne or skin aging. All 
studies reported do not suggest that 
topical tretinoin presents a reproductive 
risk. The epidemiological studies, 
animal studies, and absorption studies 
in humans do not suggest a teratogenic 
risk. 


Used in treatment of chronic 
dermatoses; retinoids can cause direct 
cytotoxicity and alter programmed cell 
death; affect many cell types, but 
neural crest cell derivatives are 
particularly sensitive. 

Systemically administered retinoids 
clearly have varying teratogenic 
potential. Topical administration of 
tretinoin in animals in therapeutic 
doses are not teratogenic; massive 
exposures can produce maternal 
toxicity and reproductive effects. More 
importantly, topical administration in 
humans results in nonmeasurable blood 
levels. 
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Environmental influence 


Reported effects or associations 


Comments 




Smoking and nicotine 


Sonography (ultrasound) 


Tetracycline 


Placental pathology and IUGR. 
Increased postnatal morbidity and 
mortality. Some studies report 
increases in anatomical malformations; 
most studies do not report an 
association. At present, no syndrome is 
associated with maternal smoking, 
except for the recent report of vascular 
disruptive phenomena. 

No confirmed detrimental effects 
resulting from medical sonography. 


Bone staining and tooth staining can 
occur with therapeutic doses. Persistent 
high doses can cause hypoplastic tooth 
enamel. No other congenital 
malformations are associated. 


Maternal or placental complications 
can result in fetal death. While tobacco 
smoke contains many components, 
nicotine can result in vascular spasm 
and vasculitis which can result in a 
higher incidence of placental 
pathology. Poor placental perfusion 
could account for the decreased fetal 
size. It is of interest that this growth 
retardation is recuperable postnatally. 

Levels and types of medical 
sonography used in the past have no 
measurable risks. Apparently, if the 
embryonic temperature never exceeds 
39°C. there is no measurable risk. 

Antibiotic; effects seen only if 
exposure is late in the first or during 
second or third trimester, since 
tetracyclines have to interact with 
calcified tissue. 
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Reported effects or associations 

Comments 
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Thalidomide 

LRDs (preaxial preferential effects, 
phocomelia), facial hemangioma, 
esophageal or duodenal atresia, 
anomalies of external ears, kidneys, 
and heart. The thalidomide syndrome, 
while characteristic and recognizable, 
can be mimicked by some genetic 

diseases. 

Sedative-hypnotic agent; multiple 
theories have been proposed. While it 
is likely that one or more of the 
theories have elements of the truth, the 
etiology of thalidomide teratogenesis 
has not been definitively determined. 


Thyroid: Iodine deficiency, iodides, 
radioiodine, antithyroid drugs 
(Propylthiouracil) 

Hypothyroidism or goiter; neurologic 
and aural damage is variable. 

Fetopathic effect of endemic iodine 
deficiency occurs early in 
development. Fetopathic effect of 
iodides, antithyroid drugs, and 
radioiodine involves metabolic block, 
decreased thyroid hormone synthesis 
and gland development. Maternal 
intake of 12mg of iodide per day or 
more increases the risk of fetal goiter. 


TABLE 8. 


Environmental influence, 
(continued). 


Environmental influence 


Valproic acid 


U\ 


Vitamin A 


Vitamin D 


on human teratogenesis: Effects, associations, and allegations 


Reported effects or associations Comments 


Primarily facial dysmorphology and 
neural tube defects. Some facial 
characteristics associated with this 
drug; they are not diagnostic. Small 
head size and developmental delay 
have been reported with high doses. 

Same malformations reported with the 
retinoids also reported with very high 
doses of vitamin A. Exposures below 
10,000 I.U. present no risk to the fetus. 

Large doses given as vitamin D 
prophylaxis are possibly involved in 
the etiology of supravalvular aortic 
stenosis, elfin faces, and mental 
retardation. 


Anticonvulsant; little is known about 
the teratogenic action of valproic acid. 
The risk for spina bifida is about 1 
percent, but the risk for facial 
dysmorphology may be greater. 

Retinoic acid is cytotoxic; it may 
interact with DNA to delay 
differentiation and/or inhibit protein 
synthesis. 

Mechanism likely to involve a 
disruption of cell calcium regulation. 
Genetic susceptibility and excessive 
doses are probably responsible. 
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Environmental influence 

Reported effects or associations 

Comments 

Streptomycin 

Hearing deficiency. 

Although only rarely reported, 
streptomycin and a group of ototoxic 
drugs can interfere with hearing. 

Relatively low risk, associated with 
long duration maternal therapy during 

pregnancy. 

Bendectin (doxylamine succinate 
pyridoxine) 

Not teratogenic as used in doses to treat 
nausea and vomiting of pregnancy. 

This drug is included because it was 
involved in so much litigation as an 
alleged teratogen. It is a drug with no 

measurable risk. 



and therefore were difficult to discover. Vascular disruption is of interest 
because it is a likely cause of a significant proportion of LRD, believed to 
be one of the mechanisms of cocaine teratogenicity, another low-risk 
teratogen. 

Table 8 lists human teratogens and reproductive toxins, their known 
effects, and when possible, their mechanism of action. 

Because this chapter is directed toward investigators interested in the 
effects of illicit drugs and abused drugs and chemicals, the remainder of 
the discussion deals with these agents. Certain other reproductive toxins 
are discussed because they are teratogenic or toxic late in gestation, or 
because they clarify the mechanisms of some teratogenic illicit drugs or 
chemicals. 

Major Illicit Drugs of Abuse 

There does not appear to be a significant increase in teratogenic risk 
associated with the abuse of narcotics, marijuana, benzodiazepines, 
barbiturates, or amphetamines. However, increased fetal wastage, 
intrauterine growth retardation (IUGR), and complications of pregnancy 
are associated with the abuse of some of these drugs. The most difficult 
parameters to evaluate are the postnatal neurobehavioral effects such as 
developmental delay, minimal changes in intelligence quotient (I.Q.), and 
occurrence of impulsivity, hyperactivity, and other reported neuro¬ 
behavioral effects that may be transient or permanent. The question that 
is very difficult to answer is whether these changes, if present, are 
increased in the exposed groups; if increased, are they due to the 
intrauterine drug exposure or to other factors such as differences in 
maternal postnatal rearing practices? 

The contribution of substance abuse (narcotics, cocaine, marijuana, 
benzodiazepines, barbiturates, amphetamines, toluene) to the incidence of 
congenital malformations is difficult to assess because street drugs are of 
variable potency and purity, abusers neglect health care and nutrition, the 
frequency of multiple drug use is high, and there is a high incidence of 
infections and venereal disease among drug abusers (Finnegan 1984). 
While there does not appeal - to be a definite teratogenic effect for most of 
these drugs, cocaine is an important exception. Along with increased 
perinatal morbidity, the available evidence indicates that cocaine does 
produce various types of vascular disruption and therefore has teratogenic 
potential. 
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Cocaine (benzoylmethylecgonine) is prepared from the leaves of the 
plants Erythronylon coca and, to a lesser extent, Truxillo coca. Cocaine 
in powder form is a water-soluble salt, cocaine hydrochloride, that may 
be adulterated by sugars, stimulants, or local anesthetics (Johanson and 
Fischman 1989). Cocaine has a half-life of about 40 to 60 minutes after 
intravenous (IV) or intranasal administration (Javaid et al. 1983). Crack 
or freebase cocaine is the highly purified alkaloidal form (Johanson and 
Fischman 1989) that, when smoked, produces a rapid increase in blood 
concentration and has a half-life similar to IV administration (Fischman 
1988; Johanson and Fischman 1989; Scott and Purohit 1989). Cocaine is 
metabolized primarily by plasma and liver cholinesterase to water-soluble 
metabolites (benzoylecgonine and ecgonine methyl ester) that are 
excreted in the urine (Vitti and Boni 1985). Fetuses and pregnant women 
have low plasma cholinesterase activity, and are therefore likely to be 
more sensitive to the effects of cocaine than nonpregnant adults 
(Johanson and Fischman 1989). 

Since cocaine is lipid soluble, 8.7 percent protein bound, has a low 
molecular weight, and is a weak base, it is not surprising that it crosses 
the placenta via diffusion. Cocaine users often abuse more than one 
substance, suffer from malnutrition, and neglect prenatal medical care 
(Kreek 1988; MacGregor et al. 1987, 1989). Cocaine use during 
pregnancy has been associated with abruptio placenta, preterm labor and 
delivery, fetal loss, decreased birth weight, microcephaly, limb defects, 
urinary tract malformations, and neurobehavioral abnormalities (Chasnoff 
et al. 1985, 1987, 1989a,b; Hadeed and Siegel 1989; MacGregor et al. 
1987; Ryan et al. 1987). 

The initial maternal effects of cocaine include hypertension, tachycardia, 
mydriasis, and hyperpyrexia. Temperatures rise as high as 45°C during 
acute intoxication. These sympathomimetic effects of cocaine are 
mediated by the inhibition of presynaptic catecholamine reuptake. 

Freebase cocaine may cause more vasoconstriction than intranasally 
administered cocaine. Placental vasoconstriction (Sherman and Gautieri 
1972) and increased uterine contractility (Lederman et al. 1978) have 
been reported in pregnant women using cocaine. Cocaine has been 
shown to decrease uterine blood flow in animal studies (Moore et al. 

1986; Woods et al. 1987) and to produce congenital malformations 
following administration during midgestation in the rat (Webster and 
Brown-Woodman 1990). A reduction in uterine blood flow due to the 
vasoconstrictive action of cocaine may cause hypoxia and infarction in 


162 



the brain, limbs, face, or visceral organs of the developing fetus 
(Chasnoff et al. 1988; Graham et al. 1980; Heier et al. 1991). 

There is a substantial body of evidence indicating the vascular 
pathogenesis of major malformations that could be induced, not only 
during organogenesis, but also during later stages of development with 
high doses of cocaine in experimental animals (Franklin and Brent 
1960a,b; Webster and Brown-Woodman 1990) and in humans (Bouwes- 
Bavinck and Weaver 1986; Carey et al. 1982; Graham 1986). 

Furthermore, because cocaine readily crosses the placenta and produces a 
cardiovascular response in the fetus similar to that during maternal 
administration (Chasnoff et al. 1989a, b; Woods et al. 1987), local 
vasoactive effects may exaggerate the deleterious effects caused by 
reduced uterine blood flow (Chavez et al. 1989). Localized hemorrhagic 
and cavitary lesions, as well as a generalized cerebral injury, have been 
reported in newborns of chronic cocaine abusers (Chasnoff et al. 1989a; 
Heier et al. 1991). 

Although vasoconstrictive action on uterine and fetal blood vessels could 
explain the observed malformations associated with exposure to cocaine 
(Chasnoff et al. 1985, 1987, 1989a,b; Chavez et al. 1989; Franklin and 
Brent 1960b), cocaine does not cause a morphologically specified fetal 
cocaine syndrome analogous to fetal alcohol syndrome (FAS) (Brent 
1990). Malformations with a vascular disruptive pathogenesis vary too 
widely between patients to constitute a recognized syndrome. 
Nevertheless, the reported fetal effects all appeal - to be various types of 
vascular disruptive phenomena: congenital limb amputations, cerebral 
infarctions, and certain types of visceral and urinary tract malformations. 
Experimental animal studies and human epidemiology indicate that the 
risk of major malformation from cocaine is low, but the malformations or 
embryopathic effects may be severe. 

Toluene and Gasoline. Although occupational exposure to toluene has 
not been proven to cause congenital malformations, there are case reports 
of malformations resulting from toluene abuse. Three case reports of 
abuse throughout pregnancy described microcephaly, CNS defects, minor 
craniofacial and limb abnormalities, and variable growth retardation 
(Hersh et al. 1985). If there is an increased risk, it appeal's to be confined 
to toluene abusers, and of course the risk depends on the exposure. Two 
children with severe mental retardation and abnoimal neurological 
findings following excessive prenatal gasoline exposure were reported by 
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Hunter and colleagues (1979). Gasoline was inhaled for recreational 
purposes during each of these pregnancies. 

Addictive Drugs and Chemicals That Are Legal 

Alcohol. Jones and Smith (1973) described FAS in children with IUGR, 
microcephaly, mental retardation, maxillary hypoplasia, flat philtrum, 
thin upper lip, and reduction in the width of palpebral fissures (cardiac 
abnormalities also were seen). Many children of alcoholic mothers had 
FAS, and all of the affected children evidenced developmental delay 
(Jones and Smith 1973, 1975; Jones et al. 1974). 

A period of greatest susceptibility and a threshold dose have not yet been 
established. Although researchers are reluctant to claim that 
malformations are due to single exposures to alcohol in the human, binge 
drinking early in pregnancy has been suggested to be associated with 
neural tube defects (Graham 1985). Actually the neural tube defects, if 
real, are a minor risk when compared to the risk of decreased brain 
growth and differentiation that results from high alcohol consumption 
during the second and third trimester. Chronic consumption of 6 ounces 
of alcohol per day constitutes a high risk, while FAS is not likely when 
the mother has fewer than 2 drinks (equivalent to 2 ounces of alcohol) per 
day (Streissguth et al. 1980). Reduction of alcohol consumption at any 
time in pregnancy reduces the severity of FAS, but may not significantly 
reduce the risk of some degree of physical or behavioral impairment. The 
human FAS is likely to involve the direct effects of ethanol and the 
indirect effects of genetic susceptibility and poor nutrition. Although 
alcoholic mothers frequently smoke and consume other drugs, there is 
little doubt that alcohol ingestion alone can have a disastrous effect on the 
developing embryo or fetus. It is estimated that there are at least several 
hundred children bom each year with full FAS and probably several 
thousand children with fetal alcohol effects. 

Tobacco. Placental lesions and IUGR have been consistently reported in 
epidemiological studies involving pregnant women who smoke 
cigarettes. Increased postnatal morbidity and mortality have also been 
reported. While there have been some studies reporting increases in 
anatomical malformations, most studies do not report an association. At 
present, there is no syndrome associated with maternal smoking. 

Maternal or placental complications can result in fetal death. While 
tobacco smoke contains many components, nicotine can result in vascular 
spasm or vasculitis which cause a higher incidence of placental 
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pathology. The pharmacology of nicotine is consistent with the concept 
that smoking might have the potential for producing vascular disruptive 
phenomena, albeit in a very low incidence. 

Caffeine. Caffeine in food and beverages is consumed in large quantities 
by most of the world's human population. Consumption in the United 
States is estimated to be 4.5 kg/person/year (Narod et al. 1991). Thus, if 
coffee or other foods containing caffeine had any measurable risk of 
interfering with embryonic development, the reproductive consequences 
could be very significant. 

Caffeine is a methylated xanthine that acts as a CNS stimulant. It is 
contained in many beverages including coffee, tea, and colas, as well as 
chocolate. Caffeine constitutes 1 to 2 percent of roasted coffee beans, 

3.5 percent of fresh tea leaves, and about 2 percent of mate leaves 
(Graham 1984a,b). Caffeine also constitutes a substantial portion of 
many over-the-counter (OTC) medications such as cold and allergy 
tablets, headache medicines, diuretics, and stimulants. The OTC 
medications contributed only a small proportion of the daily caffeine 
intake when compared with caffeine intake from beverages and food 
according to the Food and Drug Administration (FDA) (1980). The per 
capita consumption of caffeine from all sources is estimated to be about 
200 mg/day, or about 3 to 7 mg/kg consumed per day (Barone and 
Roberts 1984). Consumption of caffeinated beverages during pregnancy 
is quite common (Hill et al. 1977), and is estimated to be approximately 
144 mg of caffeine per day (Morris and Weinstein 1981). 

The reproductive risks of caffeine have been reviewed and evaluated 
using data from human epidemiological studies, animal studies, and basic 
science principles (Schardein 1993). The evaluation indicates that 
caffeine consumption can result in congenital malformations in 
experimental animal models at a dose substantially above the dose 
received in ordinary human consumption. Although some human 
epidemiological studies have reported an association between caffeine 
ingestion and an increase in reproductive effects, the majority of human 
epidemiological studies do not indicate that there is an increased risk of 
spontaneous abortion or congenital malformations in the offspring of 
mothers who consume less than 300 mg of caffeine per day during 
pregnancy. Even the positive clinical studies do not indicate an increase 
in the kind of malformations that one would expect to observe, namely, 
vascular disruptive lesions. It appeal's that caffeine is another chemical 
that has the potential for injuring the embryo, but the usual range of 
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human exposures is below the threshold dose that would result in 
reproductive effects. Most reviewers and investigators concluded that 
there is a threshold below which caffeine does not exert a detrimental 
effect, and the usual human consumption falls in this nontoxic range. 

Teratogenic Agents with Unique Characteristics 

The following two summaries describe the teratogenic milieu that result 
in malformations that were not predicted by animal studies, either 
because of low risk or because the drug had its greatest deleterious effect 
at a time that is not usually associated with a teratogenic effect. 

Chorionic Villus Sampling (CVS) and the Occurrence of Limb 
Reduction Defects. Although there had been reports of limb reduction 
defects of the vascular-disruption type in fetuses and newborns whose 
mothers underwent CVS (Christiaens et al 1989, Planteydt et al. 1986), it 
was Firth and colleagues (1991) and Boyd and colleagues (1990) whose 
reports raised concern about the possible increased risk of some type of 
birth defects in infants who were exposed to CVS in utero. Although it 
appears clear that several clinical groups with modest populations of 
infants exposed to CVS have a definite but small increased frequency of 
LRD of the congenital amputation type, there are other large series that 
do not report an increase in the incidence of congenital malformations. 

The spectrum of malformations that appears to be associated with CVS 
includes LRD and orofacial malformations, including cleft lip and 
hypoglossia. The pathophysiological explanation suggested is that the 
malformations are due to the hemorrhage associated with the sampling of 
the chorion, which is followed by insufficient perfusion of the limb, face, 
and tongue. These types of malformations have been reported to be 
associated with other procedures that produce vascular disruption (Brent 
1990; Brent and Franklin 1960; Webster et al. 1987). It appeal's that the 
apparent risk of the procedure is greatest from the 50th to the 70th post¬ 
conception days. Yet very large series report that the procedure is very 
safe (Rhodes et al. 1989). Are the complications that have been reported 
due to variations in the CVS procedure or the experience of the operator? 
At this time the consensus is that there is a real but small risk associated 
with the procedure. Since CVS offers some advantages to certain 
patients, it will be important to determine whether a safer procedure can 
be designed. 
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Angiotensin Converting Enzyme (ACE) Inhibitors. The ACE 
inhibitors are discussed to emphasize the fact that a drug can have 
minimal or no effects during the period of early organogenesis, yet have 
severe developmental effects in the second and third trimesters. Warfarin 
has similar properties, except that there are two periods during fetal 
development when deleterious effects can be produced by war-farm: 
abnormalities of cartilage development may occur in the latter half of the 
first trimester, and brain hemorrhage may occur in the second and third 
trimester. The conventional animal teratology studies would miss the 
effects of the ACE inhibitors and warfarin. 

ACE is a dipeptidyll-carboxypeptidase that catalyses the conversion of 
the biologically inactive decapeptide angiotensin I to the active 
octapeptide angiotensin II. Angiotensin II is one of the most potent 
vasoconstrictors known. Captopril and enalapril, competitive inhibitors 
of this enzyme, are used to treat resistant hypertension. Adverse effects 
on the fetus of a pregnant woman treated with captopril beginning in the 
26th week of gestation were first reported in 1981 (Guignard et al. 1981). 
Oligohydramnios was detected 2 weeks later, and a Cesarean delivery 
was performed in the 29th week due to fetal distress. The child was 
anuric and hypotensive, and died on day 7. The kidneys and bladder 
were normally developed, but hemorrhagic foci were found in the renal 
cortex and medulla. 

There have been several recent reports of oligohydramnios, neonatal 
amuria, mild to severe IUGR, renal tubular dysplasia, and fetal death 
resulting from maternal therapy with ACE inhibitors (Boutroy et al. 

1984; Guignard and Gouyon 1988; Knott et al. 1989; Kreft-Jais et al. 
1988; Mehta and Modi 1989; Rosa et al. 1989; Rothberg and Lorenz 
1984; Schubiger et al. 1988; Scott and Purohit 1989; Smith 1989; 
Tchobroutsky et al. 1987). Animal studies have shown that ACE 
inhibitors cross the placenta and are fetotoxic, but not directly teratogenic 
(Batastini et al. 1988; Binder et al. 1989; Broughton et al. 1982; Ferris 
and Weir 1983; Keith et al. 1982). However, there are now four case 
reports of skull hypoplasia in the human fetus of mothers who had 
received ACE inhibitors (Barr 1990; Dummy 1981; Rothberg and Lorenz 
1984; Schardein 1985). 

The animal studies and the human case reports suggest that ACE 
inhibitors do not cause congenital malformations by interfering with 
organogenesis. The evidence suggests that fetal and neonatal mortality, 
oligohydramnios, neonatal anuria, renal tubular dysplasia, IUGR, and 
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skull hypoplasia are related to severe fetal hypotension occurring over a 
long period of time during the second and third trimester. Although the 
teratogenic risk appeal's to be low, the fetotoxic effects are severe. One 
can infer that adverse fetal effects will be applicable to all ACE 
inhibitors, since the fetal effects are plausibly explained by the direct 
therapeutic effectiveness of these drugs. 

ACE inhibitors are effective and important therapeutic agents for the 
treatment of hypertension. There is no reason to change their use in 
women of reproductive age because the therapy can be changed during 
the first trimester if the woman becomes pregnant. 

It is important to consider a second regimen for reducing blood pressure 
even though the ACE inhibitors may be the most effective and simplest 
regimen for controlling blood pressure. If a woman who is taking an 
ACE inhibitor learns that she is pregnant, there is no need to be 
concerned about an increased risk of adverse fetal effects. A rational, 
deliberative plan to switch over to the secondary regimen should be 
undertaken shortly after pregnancy has been diagnosed. 


EVALUATION OF NEW DRUGS FOR CLINICAL USE IN THE 
TREATMENT OF DRUG ADDICTION FOR WHICH THERE ARE 
NO EPIDEMIOLOGICAL STUDIES AND NO HUMAN 
EXPERIENCE 

The evaluation of new drugs, physical agents, and chemicals must depend 
more on in vivo and in vitro animal testing and the application of the 
principles of biologic plausibility, since there obviously is not human 
epidemiological data available. Even if the agent is closely related to a 
previously used compound, closely related compounds may have 
markedly different reproductive risks. It is well known that very minor 
changes in the thalidomide molecule can eliminate its teratogenic effect 
(Wuest 1968). 

The purpose of the in vitro and in vivo testing is to determine whether a 
new environmental agent presents a measurable reproductive risk when a 
pregnant woman is exposed to this agent. The difficulty with the present 
in vitro testing system is that the results have not been reliable predictors 
of human teratogenicity (Brent 1964, 1988; Schardein 1988). While 
every drug that has been used for cancer chemotherapy in humans has 
been teratogenic in animal models, only a small fraction have resulted in 
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human teratogenesis. There are many drugs and chemicals that can 
produce malformations, embryonic death, or IUGR at doses far above the 
usual human exposure. These agents are therefore considered teratogens, 
but are not necessarily responsible for human teratogenesis. The 
definitions related to teratogenic potential are stated in a previous section 
of this chapter. 

In reality, the largest group of drugs and environmental agents are the 
potential human teratogens because they include all drugs, chemicals, and 
physical agents that can produce embryotoxic and fetotoxic effects at 
some exposure. Since these levels of exposure are not attained in 
humans, they represent no risk or minimal risk to the human embryo. 

The greatest problem facing regulatory agencies and teratologists is how 
to determine the margin of safety that should be required for exposures to 
potential reproductive toxicants (Brent 1987). This can be accomplished 
if it is recognized that the threshold concept of teratogenesis applies, and 
that even when drugs, chemicals, and environmental agents have toxic 
effects, there are also safe exposure for these agents. In most instances, 
exposure levels one to two orders of magnitude below the no-effect dose 
represent safe exposure for the embryo. 

Animal data could be better interpreted if an evaluation of the ratio of the 
no-effect dose to the usual human dose were included. If one uses the 
more modem reproductive testing protocols for reproductive testing, one 
can better approximate safe exposure levels (Brent 1964, 1988; Slikker 
1987) (table 9). 

Although there have been extensive efforts to improve in vivo animal 
testing (Brent 1964, 1988; Butcher et al. 1979; Cahen 1964; Chemoff and 
Kavlock 1982; Collins 1978; D'Aguanno 1973; IRLG 1981, 1986; Jensh 
1983; Kimmel et al. 1985; Nelson et al. 1985; Commission on Drug 
Safety 1963; Tuchmann-Duplessis 1964; Vorhees 1979; Wilson 1965, 
1973), and to design in vitro test systems (Best and Morita 1982; Birge et 
al. 1983; Boumias-Vardiabasis et al. 1983; Braun et al. 1982; Brown and 
Fabro 1981; Cameron et al. 1985; Dumont and Epler 1984; Flint et al. 
1984; Greenberg 1982; Hassell and Honigan 1982; Johnson 1980; 
Karnofsky and Basch 1960; Keller and Smith 1982; Kotzin and Baker 
1972; Pratt and Willis 1985; Schuler et al. 1985; Sleet and Brendel 1985; 
Welsch and Stedman 1984; Wilk et al. 1980), there are still important 
limitations in the ability to apply these in vitro and in vivo testing models 


169 



TABLE 9. A modern whole animal teratology-reproductive toxicity 

protocol should include the following parameters and goals. 


1. Determine the reproductive effects at stages of gestation that may 
have markedly different endpoints; namely, preimplantation, 
organogenesis, early fetal and late fetal stages. 

2. The frequency of various reproductive effects may vary considerably 
from reproductive toxicant exposures at different gestational stages. 
Exposures at one stage may exaggerate, modify or eliminate effects at 
another stage: i.e., 

a. teratogenesis 

b. embryolethality 

c. growth retardation 

d. postnatal physiological, biochemical, developmental and 
behavioral effects. 

3. Determine the no-effect dose for the parameters mentioned in item 2 
at various stages of gestation. 

4. Determine the ratio of the no-effect dose to the human therapeutic 
dose, usual exposure dose, or maximal permissible exposure for the 
parameters mentioned in item 2. 

5. Determine the quantitative relationship between the human and 
animal model pharmacokinetics, the relationship between dose and 
blood level, and the similarities and differences between the animal 
model and human in metabolism, placental transport and excretion. 

6. Determine the ratio of the LD50 for the mother and the embryo at 
various embryonic and fetal stages. 


directly to human risk assessment (Brent 1964, 1972, 1980, 1988; Fraser 
1976; Schardein 1988). In spite of the extensive use of animal testing 
and in vitro tests, both these testing procedures have been minimally 
involved in identifying human teratogens since the thalidomide tragedy 
(table 7). Most human teratogens have been identified since 1960 by 
means of human epidemiological studies such as alert physicians 
reporting clusters, case control studies, or birth registries (table 7). In a 
few instances, animal studies have predicted human teratogenicity 
(table 7) or supported the association of teratogenicity in the human. 

In a recent review of testing for reproductive effects, Schardein (1988) 
pointed out that whole-animal testing has not been modified or improved 
dramatically from the original two-litter and three-litter tests. He said. 
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“The segment II phase of the 1966 FDA Guidelines for Reproduction 
Studies.... remains after two decades of use, a valid testing procedure for 
identifying the potential for teratogenic induction and other 
developmental toxicity in laboratory animals. Its chief limitation resides 
in the extent to which such testing procedures are predictive of toxicity in 
the pregnant human, not in any inherent inadequacy of the testing 
procedure” (p. 24). In 1964, it was suggested that every whole animal 
mammalian testing protocol used to predict teratogenicity in humans 
should have certain essential features (Brent 1964) beyond those already 
suggested in 1963 by an international committee (Commission on Drug 
Safety 1963). Reproductive toxicity testing should include determination 
of the ratio of the maternal median lethal dose (LD50) to the fetal LD50, 
evaluation of embryonic death and growth retardation as well as 
teratogenicity, and determination of exposure during fetal stages because 
of the importance of critical cell loss of important organs (brain, gonads) 
during mid and late gestation (table 9). 

These suggestions have been only partially included in routine whole- 
animal testing procedures for reproductive toxicity some 30 years after 
they were made (Brent 1964). Because of advances in science in general 
and teratology specifically, teratology and reproductive toxicity testing 
can be designed that is more meaningful and more predictive of human 
effects. A modem, whole-animal, teratology-reproductive toxicity 
protocol should include the principles, parameters, and goals listed in 
table 9. 

While the cost of such an evaluation would be greater than for the 1966 
FDA segment II reproductive studies, the ability to predict human 
reproductive risks and even more important, human reproductive safety, 
would be improved. A ratio between the no-effect level and the human 
therapeutic dose that is considered safe should be established. If this 
concept is not emphasized, reproductive toxicologists will have no 
incentive to determine the no-effect level and will not generate data to 
support the value of the ratio of the no-effect level to the therapeutic dose 
in establishing safe levels of usage or maximum permissible exposures. 
The fact that doxylamine succinate and pyridoxine (Bendectin), when 
administered to pregnant rats, had a no-effect dose hundreds of times 
greater than the human therapeutic dose, should be remembered when 
evaluating alleged human teratogenicity. Similarly, knowledge of 
pharmacokinetics, comparative metabolism, and blood levels would make 
undertaking an estimation of human risks much easier. Pharmacokinetic 
and metabolic data concerning Bendectin has been important in 
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interpreting animal results and has strengthened the conclusion that 
Bendectin is not a human teratogen (Holder et al. 1984, 1985; 

Korfmacher et al. 1985; Lay et al. 1986; Rushing et al. 1986; Slikker et 
al. 1986; Thompson et al. 1982, 1986). In fact, Kohlof and colleagues 
(1983) measured the blood level of Bendectin following a 25 mg human 
exposure and demonstrated that the in vitro test reported by Hassell and 
Hotigan (1982) had no relationship to human reproductive toxicity 
because the dose of Bendectin used in the in vitro test was so high. 

In Vitro Tests 

Each test system has some unique features that have been attractive to 
some investigators. With the proliferation of test systems, it is obvious 
that the cost of using a combination of these techniques could be more 
than the cost of a whole animal reproductive study. 

More important than these unique features or possible reduced cost is an 
important principle; “The nature of these tests indicate that they can 
NEVER be more predictive of teratogenicity or embryotoxicity than in 
vitro systems” (Sell aide in 1988). Schardein (1988, p. 19) stated it quite 
eloquently: “The real dilemma in their use is eliminating procedures in 
animals and at the same time making tests more predictive; an 
incongruity to say the least.” 

In vitro tests offer experimental embryologists an opportunity to study 
various facets of their field. They can be used to study normal embryonic 
development and differentiation, mechanisms of teratogenesis and 
embryotoxicity, pharmacokinetics and the effect of isolated or combined 
metabolic products, and to screen for cytotoxicity and interference with 
differentiation. 

It is also obvious that in vitro testing, using a single system, fails to 
delineate important reproductive toxicity effects including late CNS 
effects (brain histogenesis, behavior), unique unpredictable embryotoxic 
specificity (aspeimatogenesis, cardiovascular hemodynamic changes, 
vascular disruption, yolk sac or chorioplacental effects), differentiating 
between recoupable and nonrecoupable growth retardation, transplacental 
carcinogenesis, lethal effects in the preimplantation period, and effects 
not previously reported. 

The use of pregnant animals to study postnatal neurobehavioral effects is 
a very important area of investigation. While the testing of drugs in 
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pregnant primates may yield the best results for predicting human 
behavioral effects of drugs, the cost of such testing is prohibitive and 
does not guarantee the accuracy that one would like to attain. There has 
been some improvement in the behavioral testing of drugs in pregnant 
rats, and they have been used reasonably successfully to study postnatal 
neurobehavioral effects (Brent et al. 1986; Jensh and Brent 1986, 1987, 
1988a,b, 1989; Jensh et al. 1982a,b, 1986, 1987). The formalization of 
neurobehavioral testing into a standard protocol should add measurably 
to researchers’ ability to use the rodent model to study postnatal 
neurobehavioral effects of prenatal exposures (Jensh and Brent 1989). 

It is important that when animal tests of the reproductive effects of drugs 
for the treatment of substance abuse are initiated, the tests should be 
specifically designed to use all the principles of teratology and the 
modem concepts of teratogen testing protocols. If the parameters 
outlined in table 9 were applied to in vivo animal testing procedures, it is 
very likely that researchers would be able to improve the risk of 
reproductive toxicity in humans, providing that the basic principles of 
teratology and developmental biology were applied. 
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Drug Delivery Systems: Possible 
Applications in the Treatment of 
Drug Addiction 

Stella T. Chao 


During the past 25 years, there has been a large research effort directed at 
improving and developing new drug delivery technologies. This effort 
stems from the fact that improved drug delivery can significantly enhance 
the therapeutic value of drugs by improving efficacy, ease of admin¬ 
istration, and compliance, and by reducing side effects. This concept of 
enhanced therapeutic value applies to all drugs, including those used to 
treat drug addiction. 

Methadone, naltrexone, and levo-alpha-acetylmethadol (LAAM) are the 
medications approved by the Food and Drug Administration (FDA) for 
the treatment of heroin abuse/dependence. Buprenorphine and clonidine 
are currently under clinical investigation for treating drug addiction and 
may be officially approved in the future. Generally, the dosage forms 
available for these medications, except clonidine, have been conventional 
solutions or tablets designed primarily for oral administration. Most of 
these conventional dosage forms provide an immediate release of the 
drug. They deliver the drug in a first-order fashion; that is, drug delivery 
occurs initially at high rates that decline steadily afterward. 

In order to achieve and maintain a drug concentration within the 
therapeutically effective range required, it is often necessary to administer 
the drug several times. In some cases, this results in a peaks-and-valleys 
profile of drug concentration in the blood and tissues, as shown in 
figure 1 (Zaffaroni 1991). When the concentration is above the upper 
limit of the therapeutic range (overmedication), efficacy is often 
accompanied by side effects. As the drug concentration declines, it 
passes through the therapeutic range required for efficacy, within which 
the desired therapeutic effect may be achieved without side effects. 
Concentrations less than therapeutic (undeimedication) result in 
suboptimal therapy. 

Significant advances in drug delivery have been made in the past 25 years 
primarily because rate of release control has been incorporated in delivery 


185 




FIGURE 1. Cutye A shows the peaks-and-valleys plasma profile of 
a drug delivered from a conventional dosage form 
(repeated doses of solution or tablet). Cutye B shows 
the more consistent profile of a drug from a controlled- 
delivery dosage form. 


systems. This new class of dosage form, the therapeutic system, 
administers medication precisely and automatically over predefined 
periods of time. These therapeutic systems control the quantity and rate 
of drug delivery so the profile of drug concentration achieved in the body 
is smoother, lacking the peaks-and-valleys profile of conventional dosage 
forms (figure 1) (Zaffaroni 1991). Therapeutic systems that incorporate 
rate control include transdermal drug delivery systems, oral osmotic drug 
delivery systems, and bioerodible polymer drug delivery systems. All of 
these systems have potential applications in the treatment of drug 
addiction. 


TRANSDERMAL DRUG DELIVERY SYSTEMS 

Transdermal drug delivery is defined as the administration of a drug 
through intact skin. A transdermal drug delivery system adheres to the 
skin and delivers the drug to the surface of the skin at a controlled rate. 
Transdermal delivery appeal's to be especially useful for administering 
drugs with poor oral bioavailability and short half-lives. When compared 
with an equipotent oral dosage form, transdermal systems have several 
advantages that include avoiding hepatic first-pass metabolism so that a 
lower total dose of the drug is required for efficacy; maintaining effective 
or relatively constant plasma levels for prolonged periods of time; 
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causing fewer adverse effects because less drug is administered; and 
reducing frequency of doses, leading to increased patient compliance. 

Transdermal drug delivery systems have several components in common. 
A backing film provides a physical barrier to prevent drug loss and keep 
water out of the dosage form. The drug reservoir contains the drug in a 
stable form. The adhesive layer makes the system stick to the skin. A 
peelable protective liner ensures that the system does not deliver the drug 
until the liner is removed just before system application. 

The two basic types of passive transdermal delivery systems currently on 
the market are matrix systems and membrane-controlled systems (Chien 
1987; Ledger and Nichols 1989). In a matrix system, drug release from 
the reservoir as a semisolid solution or dispersion is determined by 
solution diffusion through a polymer matrix. For polymer matrix 
diffusion-controlled systems, the drug reservoir is formed by dispersing 
solid drug within a polymer. The nitroglycerin system (Nitro-Dur™) 
utilizes this technology. Two matrix systems that disperse the drug in an 
adhesive polymer are an isosorbide dinitrate tape (Frandol™) and a 
nitroglycerin system (Nitro-Dur II™). 

Membrane-controlled systems, either multilaminate or form-fill-seal, 
have a rate-controlling membrane to limit drug release. Examples of 
products using the multilaminate design include scopolamine (Transderm 
Scop™) and clonidine (Catapres-TTS™). Examples of products that use 
form-fill-seal, membrane-controlled systems include nitroglycerin 
(Transderm-Nitro™) and estradiol (Estraderm™). All these systems have 
a rate-controlling membrane between the drug reservoir and the adhesive 
layer. This membrane controls the rate at which the drug is delivered to 
the skin surface. The rate of delivery from the system can be less than the 
rate of absorption by the skin; in this case it is the system, not the skin, 
that controls the rate at which the drug is absorbed. 

A scopolamine transdermal system was the first commercially available 
transdermal drug delivery system. It is a 2.5 cm circular flat disc with a 
thickness of 200 micrometers (pm) (Theeuwes 1981); it delivers 
0.5 milligrams (mg) of scopolamine over a 3-day period to prevent 
motion sickness. This dose is approximately one-fifth the total daily dose 
of the usual intramuscular (IM) or oral regimens, which require 4 to 6 
doses per day. To decrease the lag time, a loading dose of scopolamine is 
released from the adhesive for 2 hours after system application. Drug 
release then declines to a rate designed to maintain steady-state plasma 


187 



levels. In clinical trials the scopolamine transdeimal system prevented 
motion sickness with a low incidence of side effects in 75 percent of 
susceptible subjects (Price et al. 1981), thereby successfully 
demonstrating that systemic drug therapy could be achieved through the 
transdermal route. 

Since then, additional drugs such as estradiol, clonidine, fentanyl, 
nicotine, and nitroglycerin have been incorporated in transdeimal 
delivery systems. Five transdermal nitroglycerin products are available in 
the United States: Transderm-Nitro™, Minitran™, Nitro-Dur , Deponit 
NTG®, and Nitrodisc®. Experience with these products has established 
both the feasibility and patient acceptability of long-term transdermal 
drug delivery therapy. 

Nicotine has been used for the treatment of addictive disorders and is 
another drug suitable for transdermal delivery. Previously, the only 
nicotine replacement therapy effective as an aid in smoking cessation was 
nicotine polacrilex (Nicorette gum) (Hughes and Miller 1984). Cigarette 
smoking is a complex addiction with both behavioral and 
pharmacological components. The inhalation of tobacco smoke is the 
fastest and most efficient way to deliver nicotine to the brain. Upon 
abstinence from smoking, the rapid appearance of nicotine withdrawal 
symptoms often prevents even highly motivated smokers from quitting. 

Transdermal nicotine replacement therapy products now include four 
brands: the Nicoderm system, the Habitrol™ system, the Nicotrol™ 
system, and the ProStep™ system, all used as aids for smoking cessation 
in combination with behavioral therapy. A comparison of nicotine 
delivery rates, sizes, contents, and doses absorbed for the four 
transdermal systems is found in table 1 (Gorsline 1993). It is primarily 
the differences in design of the transdeimal systems that affect the 
nicotine absorption and plasma concentration-versus-time profiles. One 
of these products, the Nicoderm system employs rate-control-membrane 
technology to deliver nicotine for 24 hours, while the other products use 
matrix systems. Three dosage strengths of the Nicoderm system are 
available, providing 7, 14, or 21 mg of nicotine over 24 hours. These 
doses were chosen because studies showed they provide plasma nicotine 
levels that have been effective in decreasing nicotine withdrawal 
symptoms in nicotine-dependent patients (Transdermal Nicotine Study 
Group 1991). 
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TABLE 1. Nicotine Trans dermal Systems". 


Product 

Application 

Period 

(h) 

Size 

(cm 2 ) 

Nicoderm® 

System 

24 

22 

Habitrol™ 

System 

24 

30 

Nicotrol™ 

System 

16 

30 

ProStep™ 

System 

24 

7 b 


Nicotine 

Content 

(mg) 

Delivery 

Rate 

(pg/cnr-h) 

Absorbed 

Dose 

(mg) 

114 

40 

21 

52.5 

29 

21 

24.9 

31 

15 

30 

130 

22 


a All data are from package insert information for each nicotine transder- 
mal system. 

b Size of the gel reservoir, actual patch size is larger. 

SOURCE: Gorsline 1993. 


Clinical studies with the Nicoderm system demonstrated that average 
steady-state plasma nicotine concentrations of 6, 12, and 17 nanograms 
per milliliter (ng/ml) were obtained for the 7, 14, and 21 mg/day systems, 
respectively (Gorsline 1993). When this nicotine transdermal system was 
compared to cigarette smoking ad libitum, plasma nicotine concentrations 
for the system were about half or less than half of the concentrations 
associated with smoking. Comparison of the 14 mg/day system with 
nicotine gum showed plasma nicotine levels for the system within the 
range of values achieved by administration of 10 to 15 pieces of the 2 mg 
gum during the day. These concentrations, for both the system and the 
gum, were within the effective concentration range for smoking cessation 
(Gorsline et al. 1992). 

Clonidine, also used to treat addiction, is a potent hypotensive agent that 
acts on the central nervous system (CNS). It has been widely used as 
tablets administered orally 2 to 3 times a day. A clonidine transdermal 
system, Catapres-TTS®, provides controlled delivery of clonidine to 
hypertensive patients for 7 days after one application. A bioavailability 
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FIGURE 2. Mean plasma concentrations of clonidine given both 
orally (squares, 0.1 mg) and transdermally (circles, 

5 cm 2 ). Values are mean ±SE (n = 17). 


study (Shaw et al. 1987) demonstrated that repeated oral doses of 
clonidine produced a peaks-and-valleys profile of drug concentration in 
the plasma, whereas a smoother, more consistent plasma-level profile was 
produced by the transdermal dosage form over 7 days (figure 2). 

With regal'd to the treatment of drug addiction, Roehrich and Gold (1987) 
described clonidine as providing a nonaddicting solution to an ancient 
problem: opiate withdrawal without opiates. Clonidine has been useful 
in treating the signs and symptoms of opiate withdrawal (Gold et al. 

1980; Morgan and Wesson 1981; Stine and Kosten 1992) and has proven 
beneficial in the rapid detoxification of normotensive patients from 
opiates prior to the induction of naltrexone therapy (Senft 1991). In 
addition, clonidine has been used to treat the neonatal narcotic abstinence 
syndrome (Hoder et al. 1981, 1984). 
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In the past, clonidine treatment for opiate withdrawal involved a variety 
of oral dosage regimens. The introduction of a transdermal clonidine 
system made once-a-week dosing a new option. This transdermal 
product has been used to treat opiate withdrawal (Clark and Longmuir 
1986), and the Haight-Ashbury Free Clinic in San Francisco has 
combined it with nicotine polacrilex gum to treat nicotine withdrawal 
(Sees and Stalcup 1989). For treating drug addiction, the transdermal 
drug delivery system significantly increases patient compliance. 

However, in the treatment of opiate withdrawal, steady-state drug levels 
of clonidine are not attained until 24 to 48 hours after the first system is 
applied, so patients must take an oral clonidine supplement during the 
first few days of therapy to control withdrawal reactions (Spencer and 
Gregory 1989). 

Another transdermal product in clinical use is the fentanyl (Duragesic ) 
transdermal system. Fentanyl is an opioid used in the management of 
chronic pain. This narcotic analgesic is available in four dosage strengths 
that range in drug delivery rate from 25 to 100 micrograms per hour 
(pg/lirj. Higher doses can be achieved if a person wears more than one 
system. Application of a new fentanyl system every 72 hours can 
provide the sustained and relatively constant serum fentanyl concentra¬ 
tions associated with continuous intravenous (IV) delivery but without 
the invasive procedures or special equipment. Evaluation of transdermal 
fentanyl in clinical trials of cancer patients demonstrated that it was well 
tolerated and that adverse effects (mild erythema at the site of system 
application) were minimal (Portenoy et al. 1993). Transdermal delivery 
of fentanyl has changed an IV drug previously limited to inpatient use 
into a noninvasively administered analgesic appropriate for outpatient 
use. 

The potential value of transdermal fentanyl delivery in the treatment of 
adults and neonates addicted to opiates has been raised in previous 
National Institute on Drug Abuse (NIDA) meetings. Such a therapeutic 
use of fentanyl should be explored further in clinical studies. 

Since plasma concentrations of a particular drug may not reach the 
desired therapeutic levels soon enough with a transdermal delivery 
system, transdermal drug absoiption can be enhanced to a certain degree 
by various chemical and physical methods. Examples of chemical 
methods for enhancing transdermal drug absorption include the addition 
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of permeation enhancers, lipophilic analogs, or prodrugs. Examples of 
physical methods include phonophoresis (ultrasound) and electrotrans¬ 
port. 

Electrotransport, also known as electrically assisted delivery or 
iontophoresis, is defined as transdermal transport enhanced by application 
of an electrical field. An electrotransport system is applied to the skin in 
the same way as a transdermal system. This technology has potential for 
delivering peptide and protein drugs as well as conventional drugs, 
including some drugs used to treat drug addiction. While electrotransport 
drug delivery systems bypass the gastrointestinal (GI) tract, thus avoiding 
hepatic first-pass metabolism as passive (no electrical current) transder¬ 
mal systems do, they have additional advantages because drug delivery 
rates are typically proportional to the magnitude of the applied current 
(figure 3). Not only can drug delivery be stalled or stopped by turning 
the current on or off, the drug delivery rate also can be readily modulated 
by varying the current (figure 4). This control enables electrotransport 
drug delivery systems to be engineered to meet a variety of therapeutic 
needs. Patterned drug delivery (figure 5) and on-demand delivery that 
allows the patient to control the dosing are two examples of drug delivery 
profiles that could be achieved using electrotransport systems. 



Time (h) 

FIGURE 3. Drug delivery rates are proportional to current density. 
“Passive" means no current applied. 
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FIGURE 4. Drug delivery can be started or stopped by turning the 
current on or off 



FIGURE 5. Drug delivery with electrotransport technology can be 
patterned over time. 
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ORAL DRUG DELIVERY SYSTEMS 


Advancements in the development of oral drug delivery systems include 
the class of OROS osmotic systems. These systems resemble ordinary 
tablets and they are taken with a glass of water like tablets, but they 
function in a dramatically different way compared with conventional 
tablets or slow-release preparations. Drug release is controlled by an 
osmotic process that can produce steady-state (zero-order) plasma 
concentration profiles. The technology uses the principle of osmosis, the 
natural movement of water through a membrane, to make drug 
administration more precise, reliable, and convenient. The drug release 
rate is not affected by the motility, acidity, or alkalinity of the GI tract. 
The release rate is dependent on the osmotic properties of the tablet core 
and the membrane’s permeability to water. Excellent in vitro/in vivo 
correlations between delivery rates in vitro and absorption rates from the 
GI tract have been demonstrated for periods of up to 24 hours (Theeuwes 
et al. 1991). Two systems, the elementary osmotic pump and the push- 
pull osmotic pump, have been developed into commercial products. 

The elementary osmotic pump has a tablet core containing the drug. This 
core is surrounded by a semipermeable membrane that has one or more 
laser-drilled holes. As water peimeates the membrane, the drug in the 
core gradually dissolves and is then pumped out at a controlled rate 
through the small hole. The rate of water inflow and drug formulation 
outflow are controlled by the properties of the semipermeable membrane. 
The elementary osmotic pump also can be overcoated with a drug loading 
dose to provide an immediate pulse of the drug. 

The push-pull osmotic system is a bilayer tablet; one layer contains the 
drug, and the other layer contains a polymeric osmotic agent. The tablet 
is surrounded by a semipermeable membrane with a laser-drilled hole on 
the side containing the drug compartment (figure 6). As the push-pull 
system moves down the GI tract, both compartments draw water across 
the membrane, slowly liquefying the drug formulation in the drug 
compartment on one side and expanding the polymeric osmotic 
compartment on the other side, which slowly and steadily pumps out the 
drug through the hole in the system to the GI tract. 

A gastrointestinal therapeutic system (GITS), nifedipine (Procardia XL ), 
employs the push-pull osmotic technology for once-daily, constant (or 
zero-order) nifedipine delivery to treat angina and hypertension. In 
figure 7, the plasma concentration profile of nifedipine from the typical 
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FIGURE 6. Cross-sectional views of the push-pull OROS oral 
osmotic system, before and during operation. 


three times a day oral dosing tablets is compared to that for the once-daily 
dose of nifedipine delivered at a constant rate by GITS nifedipine (Pfizer, 
unpublished data; Zaffaroni 1991). A much more consistent nifedipine 
plasma concentration is obtained with GITS nifedipine compared with 



FIGURE 7. Comparison of plasma nifedipine concentrations 

for nifedipine tablets (Procardia ® versus GITS 

® 

(nifedipine) (Procardia XL system)) (Swanson et 
al. 1987). 
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Pfizer data on file 

FIGURE 8. Reduced side effects resulting from administration of 
the push-pull OROS® oral osmotic system (Procardia 
XL®) compared with tablets (Procardia®). 


conventional nifedipine tablets. Clinical studies have shown that GITS 
nifedipine effectively controls hypertension and angina while also 
significantly reducing side effects (figure 8). 

Osmotic systems technology potentially could be suitable for therapies in 
drug addiction. A once-daily system offering controlled drug delivery 
would maintain the therapeutic effect throughout the dosing interval by 
producing a steady plasma concentration level for 24 hours. The 
technology allows more than one drug in a delivery system; for example, 
a small amount of naloxone could be mixed with an orally administered 
narcotic agent. Not only would this permit continued daily therapy with 
the narcotic, but it also would limit the diversion potential of any take- 
home medication. Naloxone, poorly absorbed after oral administration 
(Gilman et al. 1990), would not affect the efficacy of the narcotic. The 
narcotic could not be extracted easily from the system for IV use without 
also extracting the naloxone; this safeguard would help prevent diversion 
of the narcotic. 


BIOERODIBLE POLYMER DRUG DELIVERY SYSTEMS 

Bioerodible polymer technology involves the use of polymers that can be 
implanted or injected within the skin, muscles, or other tissues to 
administer drugs from a bioerodible matrix. Depending on their 
composition, bioerodible polymers can degrade over periods of time 
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ranging from several hours to several months. Release rates are 
controlled by the amount of drug incorporated into the polymer, drug 
diffusion through the polymer, and bioerosion of the polymer. This drug 
release control is an important feature for the treatment of drug addiction 
because bioerodible drug delivery systems could provide therapy over 
longer time periods and eliminate the need to give patients enough oral 
doses to use at home for several days. A bioerodible drug delivery 
system also would eliminate the need for daily visits to a treatment clinic 
to receive drug therapy. Patients could still go to the treatment clinic for 
psychosocial support services, but daily trips would not be required as 
before. 

Bioerodible drug delivery systems for naltrexone have been under 
development by several investigators (Atkins et al. 1992; Chiang et al. 
1985; Maa and Heller 1990; Roskos et al. 1993). Heller and colleagues 
(1991) describe a 30-day bioerodible drug delivery system for naltrexone 
pamoate, a neutral salt of naltrexone. Their data show that naltrexone is 
released by an erosion-controlled process and that drug depletion and 
polymer erosion coincide over the 30-day period. Chiang and associates 
(1984, 1985) report clinical studies in normal volunteers using a 
biodegradable sustained-release dosage form of naltrexone. In their 
studies, constant plasma levels of naltrexone were maintained for about 
1 month after volunteers received a 63 mg dose via subcutaneous 
implantation of naltrexone beads. However, tissue irritation from the 
naltrexone beads severely limits the usefulness of this particular dosage 
form. Other investigators also are working on 30-day delivery systems, 
but it appeal's that more research is necessary before a bioerodible drug 
delivery system for drug addiction can be commercialized. 


CONCLUSION 

While research and development continue on drug delivery systems, this 
work is only one part of the overall treatment of drug addiction. For 
pregnant women and newborns, prenatal care, postnatal care, and 
psychosocial support services are important components in the treatment 
of drug addiction. Integration of drug addiction treatment with these 
services can enhance compliance and improve perinatal outcomes. 
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Clinical Trials of Pharmacologic 
Treatments in Pregnant 
Women-Methodologic 
Considerations 

Richard S. Schottenfeld 


INTRODUCTION 

The proposed Food and Drug Administration (FDA) guidelines regarding 
inclusion of women of child-hearing potential in clinical trials of 
pharmacologic treatments are designed to increase knowledge about the 
efficacy and optimal use of medications to treat women (Food and Drug 
Administration 1993). As one illustration of the importance of including 
women in clinical trials of medications to treat drug dependence, data 
from a recent clinical trial comparing buprenorphine to methadone 
maintenance suggest that there may be important gender differences in 
response to these agents, with women subjects having fewer symptoms of 
withdrawal and less continued illicit drug use at lower doses of 
buprenorphine than men (Schottenfeld et al. 1993a). 

While the proposed guidelines apply primarily to late Phase II and Phase 
III studies (i.e., after safety studies have been completed and after 
evidence of efficacy in humans has been established) and do not 
specifically call for studies to be conducted in pregnant women, there are 
two important reasons to consider conducting clinical trials of 
pharmacologic treatments for drug abuse in pregnant women. First, since 
drug-dependent women may become pregnant during clinical trials 
despite attempts to ensure adequate contraception, as occurred during a 
recent dose-ranging study of buprenorphine (Schottenfeld et al. 1993b), 
studies are needed to assess the risks and benefits of continued inclusion 
in the study, the risks and benefits of medication discontinuation, and 
optimal procedures for discontinuation. Investigators need to be able to 
assess the risk of having been on medication, make decisions about 
breaking the blind, and provide appropriate counseling about pregnancy 
risk and options. Second, considerations of the adverse effects of drug 
abuse during pregnancy on obstetrical outcome and fetal development 
suggest there may be a need to develop drug abuse treatment medications 
that are effective for pregnant women. 
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This chapter provides an overview of general issues regarding clinical 
trials of pharmacologic treatments for drug abuse and dependence. 

Topics covered include choice of pharmacologic agent based on 
rationale, safety, and preclinical and clinical evidence suggesting 
efficacy; ethical issues-informed, voluntary consent, consideration of 
risk-benefit ratio, and quality of scientific design; and the scientific 
design-the type of study and critical design features to ensure validity. 

Special considerations regarding clinical trials in pregnant women are 
also covered. The discussion highlights issues regarding medication 
safety, especially with regard to obstetrical complications, fetal 
malformations, and behavioral teratogenesis; clinically important 
outcome measures, including reductions in obstetrical complications and 
adverse effects on the fetus in addition to reduction of maternal drug use 
and potential conflict among the various outcomes; and special problems 
regarding risk-benefit analysis and human subjects. 

These issues are relevant to discussion of four medications that have been 
proposed or are under consideration for use with pregnant drug- 
dependent women: buprenorphine maintenance for opioid-dependent 
women, nicotine replacement for women who continue to smoke 
cigarettes during pregnancy, and desipramine and bromocriptine 
treatment for cocaine-dependent pregnant women. Finally, based on 
these considerations, the author suggests some guidelines for deciding 
whether, when, and how to conduct clinical trials of promising 
therapeutic agents in pregnant women. 


GENERAL ISSUES REGARDING CLINICAL TRIALS OF 
PHARMACOTHERAPIES 

Choice of Pharmacologic Agent 

The rationale for investigating a medication for use in the treatment of 
drug dependence is based on consideration of its pharmacologic actions 
with regal'd to potential targets for drug abuse treatment as well as 
preclinical and clinical evidence regarding safety and possible efficacy. 
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Targets of Pharmacologic Treatments 

Potential targets of pharmacotherapies for the treatment of drug abuse 
(based on Meyer 1989) include the following: 

1. Reversal of the acute effects of drugs (reversal of intoxication or 
overdose); 

2. Prevention or amelioration of withdrawal symptoms; 

3. Antagonism or blockade of the euphoric or rewarding effects of 
drugs; 

4. Elimination or dimunition of drug craving; 

5. Amelioration of symptoms caused by drug use (e.g., paranoia or 
agitation associated with stimulant use); and 

6. Treatment of underlying psychiatric disorders. 

Naltrexone maintenance treatment for opioid dependence or abuse works 
by blocking heroin- or other opioid-induced euphoria. Methadone is used 
to prevent or ameliorate symptoms of opioid withdrawal. The rationale 
underlying methadone maintenance is more complex. Relatively low 
doses (25 to 40 milligrams [mg] per day) are sufficient to prevent or 
ameliorate symptoms of withdrawal. Higher doses lead to decreased 
craving and, via cross-tolerance, to blockade of heroin-induced euphoria 
(Dole 1988). 

Craving, or an intense desire or compulsion to use a drug, is a complex 
biobehavioral construct (Bauer 1992; Childress 1992). Craving is intense 
during periods of withdrawal. It can occur spontaneously or be evoked 
by external (environmental) conditioned cues, such as exposure to the 
drug or drug paraphernalia; people, places, or things associated with drug 
use; or internal (emotional) cues such as feelings of elation or dysphoria. 
Use of a small quantity of a drug, such as occurs during a “slip,” can have 
an appetizing effect, precipitate intense craving, and lead to relapse. 

Pharmacologic treatments can target drug craving through a number of 
different mechanisms. Since craving diminishes significantly when drugs 
are not available, medications that effectively make the drug unavailable 
decrease drug craving (Meyer and Mirin 1991). This is one of the 
principles underlying the use of medications that block the euphoric or 
rewarding effects of a drug (such as naltrexone or methadone with regard 
to heroin) or that prevent a person from using the drug (such as disulfiram 
for alcohol). 
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Craving appeal's to be mediated by central noradrenergic, serotonergic, 
and opioid pathways. The priming effects of a drug on craving may be 
mediated in pail through central opioid pathways. Several recent studies 
document the clinical efficacy of the opioid antagonist naltrexone in the 
treatment of alcoholism (O’Malley et al. 1992; Volpolicelli et al. 1992). 
One of the postulated mechanisms for the efficacy of naltrexone is that 
naltrexone blocks the priming effects of alcohol administration so that 
patients are less likely to continue drinking to the point of relapse 
following a slip. Some alcoholic patients treated with naltrexone have 
reported a decreased compulsion to drink or relapse to heavy use 
following an initial slip. 

Finally, craving may reflect persistent central nervous system (CNS) 
alterations that follow drug discontinuation. The decision to investigate 
desipramine for the treatment of cocaine dependence followed 
recognition of discrete phases of abstinence symptomatology resulting 
from cocaine discontinuation, with episodic, intense cocaine craving 
occurring during a period of anhedonia that could persist for weeks after 
cocaine discontinuation (Gawin et al. 1989). While there is controversy 
about the validity of discrete phases of cocaine abstinence (Satel et al. 
1991; Weddington et al. 1990), desipramine and other tricyclic 
antidepressant medications have demonstrated some efficacy in 
ameliorating these symptoms (Gawin et al. 1989; Levin and Lehman 
1991). Presumed alterations in dopaminergic functioning are the 
rationale for using bromocriptine and amantadine during the early phases 
of cocaine abstinence (Tennant and Sagherian 1987). 

It is important to note that since a variety of biological, psychological, 
and social factors contribute to relapse, pharmacologic treatments 
addressing biological factors often require psychosocial augmentation to 
be effective. The need for adjunctive therapy is illustrated most vividly 
in methadone maintenance treatment. Despite being the most thoroughly 
documented and effective pharmacologic treatment for opioid 
dependence, psychosocial interventions are essential to achieve maximal 
effects (McLellan et al. 1993). The implications of these findings for 
clinical trials of pharmacologic treatments for addictive disorders are of 
critical importance: Pure pharmacologic trials, which stringently limit 
adjunctive psychosocial treatments, may fail to establish efficacy of 
medications that may be efficacious when used with other interventions. 
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Safety and Efficacy 


The safety of medications to be used in clinical trials of drug-dependent 
patients must first be established in animal studies. Many of the 
medications used to treat drug dependence have established indications 
for the treatment of other medical conditions and thus have been rather 
extensively tested for safety in nondrug-dependent humans before being 
tested in drug-dependent patients. 

Additional safety precautions need to be taken when testing medications 
in drug-dependent patients because their health is often impaired and 
because of the possibility of toxic interactions between the medication 
and drugs of abuse if patients continue alcohol or other drug use during 
the clinical trial. Medical problems of drug-dependent patients may 
include hepatic abnormalities, infectious diseases (human immuno¬ 
deficiency virus [HIV] infection, tuberculosis, syphilis, endocarditis), 
cardiac abnormalities (conduction defects, hypertension, microinfarcts 
associated with cocaine), impaired pulmonary function, and CNS 
abnormalities (e.g., seizures) (Novick 1992; Wartenberg and Liepman 
1990). 

Increased toxicity of medications used to treat drug-dependent patients 
may result from alterations in hepatic metabolism associated with drug 
use or from combining the effects of the medication with abused drugs. 
Following a standard dosing regimen, desipramine plasma levels were 
reported to be elevated in methadone-maintained patients treated for 
cocaine abuse compared to cocaine-dependent patients not on methadone 
(Kosten et al. 1990). The cardiovascular toxicity of cocaine also appeal's 
to be increased during the initial phases of induction onto desipramine 
(Fischman et al. 1990). Neuroadaptation following prolonged 
desipramine administration may make the cardiovascular toxicity 
associated with cocaine use less problematic. The potential for drug 
interactions to lead to increased toxicity has appropriately prompted 
evaluation of many potential pharmacologic treatments in hospital 
settings using drug administration paradigms. 

In addition to considering a medication’s potential target and its safety, 
evidence of efficacy from preclinical or clinical studies may be important 
in deciding to investigate a medication for treatment of drug abuse or 
dependence. Animal models that have been used to suggest possible 
efficacy include drug reinforcement studies, drug discrimination (DD) 
studies, and studies of conditioned place preference. Fortuitous findings 
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in humans treated with a medication for other purposes, such as reports of 
reductions in cocaine use among buprenorphine-treated subjects in a 
study of short-term opiate detoxification, may also suggest novel uses for 
a medication (Kosten et al. 1992c). 

ETHICAL ISSUES INVOLVING HUMAN SUBJECTS 

Respect for persons, beneficence, and justice are the three basic ethical 
principles articulated in the Belmont Report (Department of Health, 
Education and Welfare 1979) that underlie Department of Health and 
Human Services (DHHS) regulations governing the protection of human 
subjects in research (Aikens, this volume). Respect for persons is ensured 
through insistence on the informed, voluntary consent of individuals to 
participate in a research protocol. Beneficence refers to the obligation to 
protect subjects from harm by maximizing potential benefits and 
minimizing possible risks. Risks involved in clinical trials of 
pharmacologic treatments include both the medical risks of the 
medication or drug interactions and nonmedical risks such as the potential 
for breaches of patient confidentiality. Potential benefits of participation 
must be evaluated by comparing the likelihood, potential magnitude, and 
importance of potential benefits in the context of the risks of the untreated 
disease and the risks and benefits of alternative treatments. To maximize 
societal benefits, it is critical that the scientific design and conduct of the 
research protocol ensure the validity of the study results. 


SCIENTIFIC DESIGN 

Although randomized, controlled, double-blind clinical trials have 
become the standard for establishing efficacy of an intervention, open- 
label and nonrandomized studies as well as a variety of quasiexperimental 
studies may provide important information regarding safety, optimal 
dose, adverse reactions, and possible efficacy. Efficacy can be strongly 
supported if the natural history of a condition is completely described and 
hai'd outcomes (e.g., death) are virtually certain for the untreated disease, 
so that any improvement following treatment can be attributed to 
treatment rather than natural recovery. 

A number of critical design features have been identified to ensure the 
validity of randomized, controlled, double-blind clinical trials (Blame et 
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al., in press; Feinstein 1985; Lavori 1992; Satel and Kosten 1991). These 
design features include the following; 


1. Baseline assessments must be sufficient to ensure comparability of 
treatment groups, homogeneity of subject sample, and evaluation of 
potential predictors of differential outcome. 

2. Inclusion and exclusion criteria must be specified, including 
diagnosis, severity of disorder, patterns of use, clinical staging, and 
comorbid conditions. 

3. When indicated, prerandomization stratification should be employed 
on selected subject characteristics such as depression. This practice 
allows inclusion of a sufficiently heterogeneous sample to ensure 
generalizability of the study while maintaining sufficient 
homogeneity and comparability of subject groups to detect treatment 
effects. 

4. Experimental and control interventions must be defined, including: 

• Specification of optimal dose and duration of experimental 
treatment and control treatment (placebo or alternative active 
medication). A shorter study duration is usually associated with 
higher retention and facilitates data analysis, but longer duration 
is often necessary to assess sustained or clinically important 
effects; 

• An active medication control should be considered if the side- 
effect profile of the study medication is likely to lead to 
inadvertent breaking of the double blind or if there is a need to 
compare the study medication with a known efficacious 
medication; 

• The number of pills administered to controls should be yoked 
(equal) to the number of pills administered to subjects receiving 
the study medication if the dose of the study medication is 
adjusted based on blood levels or response; and 

• Compliance should be monitored using blood levels, pill counts, 
direct observation, riboflavin markers, and other appropriate 
methods. 

5. The amount and type of other interventions (e.g., psychosocial), 
should be specified, limited, and monitored, and should include plans 
to limit increased interventions precipitated by patient needs. Failure 
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to specify, limit, and monitor other interventions may confound the 
interventions' effects with the effects of the medication group (e.g., 
placebo-treated subjects may require and obtain more interventions 
than subjects on active medications, leading to dilution of medication 
effects). Overly stringent limitations of psychosocial interventions 
may lead to problems with retention of subjects and difficulties 
generalizing study results to usual clinical practice settings. 

6. Predetermined criteria for removal of subjects from the study must be 
established based on compliance with the study protocol or safety 
considerations (e.g., criteria for protective transfer). Criteria are 
needed for early termination of the study based on unacceptable 
levels of adverse outcomes in a treatment group. Caution is required 
in deciding to terminate a study prior to completion of the planned 
initial protocol, since multiple looks at the data necessitate correction 
for significance levels. 

7. Adequate plans must be in place to ensure retention of subjects in the 
clinical trial and to follow all subjects throughout the planned 
duration of the study. While pure pharmacologic trials provide the 
clearest test of medication efficacy, psychosocial services may be 
necessary to facilitate sufficient subject retention and compliance to 
allow assessment of medication efficacy . 

8. Major outcomes, frequency of assessment, and methods to assess and 
ensure the reliability and validity of measures to be used must be 
specified. 

• The most common outcome domains used in studies of drug 
abuse treatment include retention in treatment and abstinence or 
reduction in drug use as measured by urine toxicology and self- 
report. Additional outcome domains include reduction of 
symptoms and improved psychiatric, medical, social, family, 
vocational, or legal functioning. 

• Use objective, observer-rated, and self-report measures to 
improve reliability, validity, and sensitivity of measures (e.g., 
observed urine for toxicology testing obtained at sufficient 
intervals to detect any drug use; use of interviews, observation, 
and self-report as more sensitive measure of frequency and 
quantity of use). 

• Use a sufficient range of measures to evaluate primary outcomes, 
additional outcomes, and adverse effects. 
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• Use raters who are blind to the treatment group to minimize 
interviewer bias. 

• Keep clinicians blind to research assessments to minimize bias in 
subject self-reports. 

• Evaluate adequacy and maintenance of double-blind. 

9. Plans for data analysis must include primary outcome measures 
specified in advance of the trial, and intention to treat analysis or 
predetermined minimum dose/duration of treatment. 

10. The adequacy and feasibility of the sample size must be ensured. 
Power calculations need to be based on estimated effect size 
(optimally from pilot data), study design, and planned data analysis. 


SPECIAL CONSIDERATIONS FOR CLINICAL TRIALS IN 
PREGNANT WOMEN 

Safety Issues-Focus on Pregnant Woman and Developing 
Fetus 

In addition to the general safety issues in clinical trials of pharmacologic 
agents for the treatment of drug abuse and dependence, the use of 
medications to treat drug-dependent pregnant women may pose 
significant safety risks for the pregnant woman and the developing fetus. 
The toxicity of the medication alone, or combined with alcohol or other 
drugs, may be affected by alterations of drug metabolism and drug 
disposition during pregnancy, and potential adverse obstetrical effects of 
the medication (e.g., premature labor or precipitation of other pregnancy 
complications) represent major risks for the pregnant woman. The 
teratogenic potential of the medication must be assessed, including 
possible fetal malformations, vascular disruptions, or long-term adverse 
behavioral effects. Since most potential pharmacologic agents for 
addictive disorders act on the CNS and neuroregulatory systems, the 
potential long-term behavioral teratogenicity of these medications is a 
critical concern. 

Outcome Measures 

In addition to measuring effects on drug use, primary outcome measures 
for drug-dependent pregnant women need to include obstetrical outcomes 
(reduction in obstetrical complications) and neonatal outcomes, including 
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congenital abnormalities (malformations, disruptions), intrauterine 
growth retardation (IUGR), prematurity, behavioral teratogenesis, and 
neonatal withdrawal. 

Inclusion of these additional outcome domains raises two important 
considerations. First, some of the critical outcomes (e.g., behavioral 
teratogenesis) can only be assessed through long-term followup, but 
randomized, controlled clinical trials are an expensive and inefficient 
means to ascertain delayed, as opposed to acute, effects (Feinstein 1985). 
Second, some of the outcome domains may be in conflict. What is best 
or most desired for the mother, for example, may not always be what is 
best for the fetus. To illustrate this potential conflict, consider the use of 
a teratogenic medication to relieve abstinence symptoms in a pregnant 
woman (e.g., anhedonia following cessation of cocaine use) that are not 
physiologically damaging to the fetus. As another example, high-dose 
methadone maintenance may be needed to reduce illicit opiate use, but is 
more likely to lead to significant neonatal withdrawal. In this latter 
example, the benefits to the neonate of the mother’s reduction in illicit 
drug use (e.g., reduced risk of infectious disease) may outweigh the risks 
of neonatal withdrawal. 

Risk-Benefit Assessment 

Assessment of the risk-benefit ratio of a clinical trial of a pharmacologic 
treatment for drug-dependent pregnant women is complicated by the need 
to evaluate the risks of obstetrical complications and teratogenesis 
associated both with drug abuse and with the medications used to treat 
drug abuse. At present, relatively limited human data are available 
regarding the optimal use during pregnancy of most of the medications 
that are under investigation for the treatment of drug dependence. Of 
additional concern, the problems caused by the untreated disease (drug 
abuse) with regal'd to obstetrical complications and neonatal outcomes are 
not always clearly established and may not be susceptible to therapeutic 
intervention (Zuckerman et al. 1989). Some adverse effects may be 
pregnancy phase-specific and irreversible; for example, treatment of 
maternal cocaine use after organ malformation occurs in the first trimester 
will not affect this outcome (Volpe 1992). 

In one study, discontinuation of cocaine use after the first trimester only 
partially reduced the risk of placental abruption (Chasnoff et al. 1989). 
Data from a general hospital prenatal clinic which serves primarily low- 
income women suggests that it may not be feasible to enroll drug- 
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dependent pregnant women in clinical trials early enough to prevent 
many of the adverse effects on obstetrical or neonatal outcome 
(Grossman et al. 1993). Drug-dependent women are significantly more 
likely to enter prenatal care in the third trimester or to receive no prenatal 
care than women who are not drug dependent. Cocaine abuse was 
documented in 24 percent of women enrolling for prenatal care in the 
third trimester compared with 3.5 percent of women enrolling in the first 
trimester (Lago et al. 1993). 

In addition, unless tens of thousands of subjects are enrolled, clinical 
trials lack sufficient power to document the efficacy of an intervention to 
prevent extremely rare adverse outcomes such as anencephaly or severe 
genitourinary disruptions. While even the rare occurrence of these 
catastrophic outcomes may fuel therapeutic zeal, enthusiasm for testing 
pharmacologic treatments needs to be tempered by consideration of the 
potential for medications used to treat drug dependence to cause even 
more harm. From a risk-benefit standpoint, it makes no sense to conduct 
a clinical trial to investigate a medication’s efficacy in preventing an 
extremely rare outcome if the medication might cause even a slightly 
increased risk of a more commonly occurring condition. 

Particular caution is required in evaluating the significance and deciding 
to treat signs or symptoms of pathologic occurrences rather than 
pathologic events (hard outcomes). Using fetal monitoring techniques 
(Doppler) and ultrasound, some investigators have detected signs of fetal 
distress associated with abrupt cessation of cocaine in cocaine-dependent 
women (Christinas et al. 1992). It is not clear, however, that the clinical 
significance of these findings warrants pharmacologic intervention. 
Researchers need to be mindful of the earlier history of treatments for 
opiate withdrawal, many of which were considerably more lethal than the 
disease being treated. 

Human Subject Issues 

Conducting clinical trials of pharmacologic treatments for drug- 
dependent pregnant women raises a number of important issues regarding 
protection of human subjects. First, obtaining informed, voluntary 
consent from the woman may be problematic, given that many drug- 
dependent women experience considerable coercion to enter treatment 
because of concerns about retaining child custody or avoiding criminal 
prosecution. Second, mandatory reporting requirements in some states 
may discourage drug-dependent women from enrolling in clinical trials, 
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making it even less feasible to conduct these trials and presenting 
problems in safeguarding confidentiality. Third, because of the dangers 
of both drug abuse and medication use during pregnancy, risk-benefit 
discussions regarding proposed clinical trials of pharmacotherapies for 
drug-dependent women need to consider carefully the potential benefits 
of nonphaimacologic treatments. If the risks of continued drug use 
during pregnancy are believed so extreme as to justify experimentation 
with medication, these medical risks might also be sufficient to warrant 
involuntary commitment to a residential facility. Confinement will 
almost certainly lead to higher rates of abstinence and improved 
obstetrical and neonatal outcomes compared with any pharmacologic 
treatment alone. 

Liability Issues 

Clinical trials of pharmacologic treatments for drug-dependent pregnant 
women are likely to become the focus of legal disputes regarding liability 
for adverse obstetrical events or neonatal outcomes. In the event of a 
liability suit, it will be difficult to disentangle the adverse effects of the 
woman's drug use, the impact of other risk factors for adverse outcomes 
experienced by many drug-dependent women (such as comorbid 
infectious diseases or poor nutrition), and the adverse effects of the 
medications used to treat drug dependence. As a practical matter, 
concerns about liability are likely to have a chilling effect on the interest 
of pharmaceutical companies in sponsoring or being involved in clinical 
trials for drug-dependent pregnant women. 


PREGNANCIES OCCURRING DURING THE COURSE OF 
CLINICAL TRIALS 

The occurrence of a pregnancy during the course of a clinical trial raises 
questions about the risks and benefits of continued treatment, the 
potential risks of medication discontinuation, and the risks of medication 
use prior to detection of pregnancy. For women who have benefited from 
treatment and are abstinent while on the medication, the risk of relapse to 
drug use if the medication is discontinued will need to be weighed against 
the risk of harm from the medication. For women who have been 
maintained on an investigational opioid such as buprenorphine, 
discontinuation may lead to withdrawal symptoms and possible adverse 
obstetrical effects. 


212 



Currently, no information is available regarding optimal regimens during 
pregnancy for discontinuation of buprenorphine or for substitution with 
an approved medication such as methadone. For many medications, there 
is insufficient information available about the risks to the fetus to provide 
guidance to the woman about continuation of the pregnancy. It is critical 
to maintain adequate records about pregnancy outcome or adverse 
obstetrical or fetal effects associated with exposure to medications used to 
treat drug dependence. 


POTENTIAL MEDICATIONS TO BE EVALUATED IN CLINICAL 
TRIALS 

Alternative Opioid Maintenance Agents-Buprenorphine 

Buprenorphine, a partial mu agonist and potent kappa antagonist, is 
currently being investigated as an alternative to methadone for 
maintenance treatment of opioid dependence. While the initial reports of 
buprenorphine leading to reductions in cocaine use (Kosten et al. 1989) 
have not been supported by subsequent randomized, double-blind, 
controlled clinical trials, its efficacy in reducing opioid use has been 
established in clinical trials (Johnson et al. 1990; Kosten et al. 1992c; 
Schottenfeld et al. 1993a), making it likely that buprenorphine will 
eventually gain FDA approval. Many women treated with buprenorphine 
in Phase II and Phase III studies will become pregnant, especially since 
there is some evidence suggesting that buprenorphine increases the 
likelihood of pregnancy in drug-dependent women (Schottenfeld et al. 
1993b). Because pregnancies are likely to occur in women maintained on 
buprenorphine, it is important to evaluate the risks of teratogenicity and 
adverse effects on the fetus (e.g., neonatal withdrawal) and of medical 
and obstetrical complications associated with buprenorphine use during 
pregnancy. It will also be important to evaluate buprenorphine dosing 
requirements during pregnancy and any long-term behavioral 
teratogenicity associated with its use. 

A second reason for investigating buprenorphine as a treatment for 
pregnant opioid-dependent women is that its pharmacologic profile 
suggests that it may be safer than methadone for use during pregnancy. 
While methadone and other full agonists cause increasing respiratory 
depression at higher doses, there is a flattening of respiratory depression 
and other mu agonist effects at higher doses of buprenorphine, making 
the lethality of overdose less for buprenorphine than for methadone. In 
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addition, abrupt discontinuation of buprenorphine leads to less severe 
withdrawal than abrupt discontinuation of methadone. 

Based on these properties, one might speculate that buprenorphine 
maintenance during pregnancy may be associated with decreased effects 
on CNS regulation of respiratory functioning in the fetus and 
consequently a potentially decreased risk of sudden infant death 
syndrome (SIDS) associated with infants exposed prenatally to 
methadone (Kandall and Gaines 1991). Additionally, there may be fewer 
problems with neonatal withdrawal in children of buprenorphine- 
maintained pregnant women. 

Although there are important reasons to evaluate buprenorphine 
maintenance in pregnant opioid-dependent women, insufficient data are 
available from preclinical or clinical investigations to evaluate its safety. 
In a literature search using both MEDLINE and TOXLINE, the author 
identified only two studies on buprenorphine toxicity during pregnancy. 
In one study, which compared subcutaneous administration of methadone 
(4 or 8 milligrams per kilogram [mg/kg]), buprenorphine (1 or 2 mg/kg), 
and vehicle in rats, methadone 8 mg/kg led to significant reductions of 
enkephalin levels in the striatum of rat pups while the lower dose of 
methadone and neither dose of buprenorphine had any effect on 
enkephalin levels (Tiong and Olley 1988). Buprenorphine, however, was 
associated with significantly decreased survival of rat pups (53 percent 
and 65 percent mortality by day 5 for buprenorphine 1 or 2 mg/kg, 
compared with 2 percent vehicle-treated, 13 percent methadone 4 mg/kg, 
and 0 percent methadone 8 mg/kg). Cause of death was not reported. 

The lack of data regarding the safety of buprenorphine as a maintenance 
agent during pregnancy points to an urgent need to conduct preclinical 
studies evaluating buprenorphine toxicity and teratogenicity during 
pregnancy. Until these studies are completed, it would not be prudent to 
conduct clinical trials of buprenorphine for the treatment of pregnant 
opioid-dependent women. 

It is not clear what should be done in situations when a woman becomes 
pregnant while maintained on buprenorphine. It may be prudent to 
withdraw her from buprenorphine and transfer her to methadone 
maintenance, but an argument could also be made that women who have 
responded well to buprenorphine should be continued on it throughout 
pregnancy. If the decision is made to substitute methadone for 
buprenorphine, close monitoring of the woman and the fetus for signs of 
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withdrawal or distress during this transition period is indicated. If the 
safety of buprenorphine for use during pregnancy is supported by 
preclinical studies, investigations in pregnant women will be needed to 
establish data regarding optimal dose and adverse effects. 

Nicotine Replacement 

Benowitz (1991) presented a cogent analysis arguing in favor of using 
nicotine replacement during pregnancy to facilitate abstinence from 
cigarette smoking. Although cigarette smoking leads to substantially 
increased risk of spontaneous abortion (odds ratio of 1.2 to 1.8), 
prematurity, low birth weight, and perinatal mortality, 20 to 25 percent of 
pregnant women continue to smoke throughout pregnancy with heavier 
smokers less likely to quit than light smokers. In a meta-analysis of 
studies of nicotine gum, nicotine replacement was associated with 27 
percent cigarette abstinence at 6 months compared with 18 percent for 
placebo. Somewhat greater efficacy has been reported for transdermal 
nicotine replacement (the “patch”). 

In Benowitz’s risk-benefit analysis, the benefits of replacement with 
regard to abstinence from continued cigarette smoking far outweigh the 
risks of continued smoking and the risks of replacement. As noted by 
Benowitz, the risks of smoking result from exposure to nicotine, carbon 
monoxide, and other components of cigarette smoke. While the risks of 
exposure to nicotine alone include effects on uteroplacental circulation 
leading to low birth weight and possible behavioral teratogenicity, 
nicotine replacement (approximately 15 to 20 mg nicotine) leads to 
nicotine levels (10 to 15 nanograms per milliliter [ng/ml]) slightly lower 
than that caused by smoking 1 pack of cigarettes per day (20 to 35 ng/ml 
with each cigarette delivering approximately 1 mg nicotine). Depending 
on the particular delivery system, nicotine levels at night during 
transdermal replacement may slightly exceed levels found in smokers. 
Thus there will be a net decrease in overall risk if nicotine replacement 
leads to abstinence from cigarette smoking. There is a question of 
potential increased toxicity if a woman continues to smoke while 
receiving nicotine replacement (especially the patch), but even this 
additional risk may be lessened somewhat by the development of 
tolerance to nicotine effects and the relatively flat dose-response curve for 
cardiovascular effects. 
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Desipramine Treatment for Cocaine Dependence 

Although intensive efforts are underway to develop effective 
pharmacologic treatments for cocaine dependence, at present no 
medications are clearly indicated for the treatment of this disorder. Of all 
the medications tested to date, desipramine has shown the most promise. 
While the efficacy of desipramine has been supported by both open-label, 
nonrandomized studies and some randomized, controlled, double-blind 
clinical trials (Levin and Lehman 1991), negative findings have also been 
reported (Kosten et al. 19926). 

In a recent me&analysis, Levin and Lehman (1991) identified seven 
randomized controlled clinical trials of desipramine that provided data 
regarding treatment retention and abstinence. They concluded that 
desipramine had no effects on treatment retention, but that desipramine- 
treated subjects were more likely to abstain from cocaine compared with 
placebo-treated subjects. 

Data from even the most positive of the early studies of desipramine 
(Gawin et al. 1989) points to desipramine's limited efficacy. Significant 
differences were obtained only after excluding subjects who dropped out 
within 2 weeks from the analysis (about 30 percent). Six-month followup 
data documented persistent abstinence in about half of subjects who 
achieved 3 weeks continuous abstinence during the 8-week trial, but by 
the 6-month followup, no differences were evident between desipramine- 
and placebo-treated subjects (Kosten et al. 1992a). 

Because desipramine’s efficacy in treating cocaine dependence has not 
been clearly established and the magnitude of its effects (if any) is likely 
to be small, there would be little enthusiasm for conducting clinical trials 
of desipramine in cocaine-dependent pregnant women even if the safety 
of desipramine use during pregnancy were established. The limited 
infoimation regarding the safety of desipramine use during pregnancy 
probably precludes further investigation at this time. 

Desipramine is a metabolite of imipramine and is the major drug found in 
fetal circulation following treatment with imipramine. Although no 
human data have been reported regarding potential behavioral 
teratogenicity associated with desipramine use, Ramin and colleagues 
(1992) reported, “Of the numerous reports of imipramine use during 
pregnancy, none had more than 20 pregnancies exposed to this agent.” 
There are case reports of limb reduction defects and other fetal 
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malformations in humans. Preclinical studies report a variety of fetal 
effects, including transient respiratory, circulatory, and neurologic 
adaptive abnormalities and increased frequency of CNS malformations in 
offspring of animals treated with high doses of inripramine. Two studies 
have documented behavioral effects of desipramine administration during 
pregnancy on the neonatal rat (Ali et al. 1986; Jason et al. 1981). In 
addition to these complications, data from nonpregnant humans suggest 
that there may be an increased likelihood of cardiovascular complications 
associated with cocaine use during initiation of desipramine treatment. 

Bromocriptine Treatment for Cocaine Dependence 

Like desipramine, the rationale for using bromocriptine to treat cocaine 
dependence is based on the hypothesis that bromocriptine reverses CNS 
alterations of catecholaminergic functioning associated with heavy 
cocaine use and thus facilitates maintenance of abstinence following 
cocaine cessation (Clow and Hammer 1991; Giannini et al. 1989; 
Hoffman 1993; Hubner 1990; Markou and Koob 1992; Taylor and Gold 
1990). The evidence of bromocriptine’s efficacy in treating cocaine 
dependence is even less compelling than the evidence for desipramine 
(Moscovitz et al. 1993; Preston et al. 1992), but the safety of 
bromocriptine use during pregnancy is somewhat better established; 
bromocriptine has been used to treat prolactin-secreting pituitary 
adenomas in pregnant women. Adverse effects of bromocriptine include 
hypotension, nausea, and fainting, and there is a case report suggesting an 
increased risk of cardiovascular complications (hypertension, vasospasm, 
pulmonary edema) associated with bromocriptine treatment of a cocaine- 
abusing postpartum woman (Bakht et al. 1990). Thus, at the present 
time, there are insufficient data regarding bromocriptine’s efficacy and 
too great a risk of toxicity to justify clinical trials in pregnant women. 


SUMMARY AND PROPOSED GUIDELINES 

The many problems and pitfalls involved in conducting clinical trials in 
drug-dependent pregnant women suggest the need for stringent guidelines 
and the likelihood that few studies will be conducted of drug-dependent 
pregnant women. It is likely, however, that a substantial number of 
women enrolled in pharmacologic trials will become pregnant during 
these trials. Guidelines for determining what to do in these circumstances 
involve assessment of the risks and benefits of continued treatment, the 
potential risks of medication discontinuation, and the risks associated 
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with medication use prior to detection of pregnancy. For women who 
have benefited from treatment and are abstinent while on the medication, 
the risk of relapse to drug use if the medication is discontinued will need 
to be weighed against the risk of harm from the medication. Sufficient 
information is often not available to assess the risks of fetal medication 
exposure or to provide guidance to the woman about continuation of the 
pregnancy. To assess these risks, adequate records of adverse obstetrical 
or fetal effects associated with exposure to medications used to treat drug 
dependence are critical. 

A number of relatively simple principles can be used as guidelines for 
conducting clinical trials in drug-dependent pregnant women. Clinical 
trials of pharmacologic agents to treat drug dependence should only be 
conducted in pregnant drug-dependent women after the following 
conditions have been met: 

• the safety and efficacy of the medication has been documented in 
nonpregnant patients; 

• safety studies, including teratological study (developmental toxicity) 
in animals or experience with use of the medication during 
pregnancy, have established the safety of medication use during 
pregnancy; 

• investigation of the pharmacologic effects of the medication alone or 
in combination with illicit drug use has established that there is 
minimal risk for use in pregnancy; 

• the potential benefits of the medication are of sufficient clinical 
significance to outweigh the potential risks; and 

• the safety and efficacy of alternative, nonpharmacologic treatments 
have not been established or are considered likely to be inferior to the 
proposed pharmacologic treatment. 

If all these conditions are met, controlled studies will be needed to 
establish the proper dosage regimen during pregnancy, adverse effects, 
and potential safety issues in pregnant women. There may be no need for 
randomized, placebo-controlled, double-blind clinical trials to assess 
efficacy of a pharmacologic treatment for drug abuse in pregnant women. 
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Legal and Ethical Issues 

Diane Aiken 


The Public Health Service Act requires the Department of Health and 
Human Services (DHHS) to issue regulations for the protection of human 
subjects in research and to implement a program of instruction and 
guidance in the ethical issues associated with such research. The 
regulations are codified as Title 45 pail 46 of the Code of Federal 
Regulations, known as 45 CFR 46. 

The history of human subject protection goes back to the Nuremberg 
Code. Most researchers are aware of the medical experiments conducted 
during the Nazi regime and of the Nuremberg trials that followed. The 
Nuremberg Code has 10 principles for the protection of human subjects 
in research, including basic principles governing the ethical conduct of 
research. The provision that is the most germane to this chapter states 
that the voluntary participation of human research subjects is absolutely 
essential. Freely given consent to participate in research is the 
cornerstone of ethical experimentation involving human subjects. Other 
provisions include the capacity to consent; freedom from coercion; 
comprehension of the risks and benefits involved; the requirement for the 
minimization of risks and harm, a favorable risk-benefit ratio, and 
qualified investigators using an appropriate research design; and freedom 
of subjects to withdraw at any time without losing any benefits that they 
would otherwise accrue. 

These are minimal regulations in effect worldwide. The United Nations 
Charter was cosigned by 184 countries, including the United States as 
well as less-developed countries that also follow these minimum 
regulations. Similar recommendations were made in the Declaration of 
Helsinki, which further distinguished therapeutic from nontherapeutic 
research. This declaration was revised three times, the last time in 1989, 
and differs from DHHS regulations in that it does not require written 
informed consent. DHHS regulations require written informed consent 
unless a waiver is requested from and approved by the institutional 
review board (IRB). 
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BACKGROUND 


From about 1966 to 1974, DHHS (then the Department of Health, 
Education and Welfare) operated according to policies for the protection 
of human subjects. In May 1974 these policies were upgraded to 
regulations. In July 1974 the National Research Act was signed into law, 
creating the National Commission for the Protection of Human Subjects 
of Biomedical and Behavioral Research. One of the mandates of the 
Commission was to identify the basic ethical principles that should 
underlie the conduct of biomedical and behavioral research involving 
human subjects. The result of the deliberations of the Commission, the 
Belmont Report and its three ethical principles, is enforced in all research 
funded by DHHS. Some institutions already had protections for human 
subjects. Some universities and medical schools realized that when they 
conducted research they needed to protect human subjects, but there was 
no overall code and people just did what they thought was best for their 
institutions. What changed this situation was the Tuskegee Syphilis 
Study. 

From 1932 to 1972, the Public Health Service conducted a natural-history 
study of syphilis in black men in Tuskegee, Alabama. Even after 
medications became available for the treatment of syphilis, treatment was 
withheld because the researchers thought that it was much more 
important to follow the natural history of the disease. The discussions go 
on even today, and this author believes it is a very poor reflection on the 
Public Health Service that this research continued for 40 years. People 
who were responsible still say it was important, and both sides still argue. 

When the Tuskegee situation became known, other instancesof human- 
subject abuses also became known. Research had been conducted on 
nursing-home patients who were injected with live cancer cells. At 
Willowbrook, a facility for retarded children, parents had to agree to have 
a child injected with live hepatitis virus to get the child admitted; the 
rationale was that the child was going to get hepatitis in this situation 
anyway and might as well be pail of the research experimentation. These 
are examples of coercion; as the regulations state, coercion is not allowed. 

There had been discussions about establishing IRBs. IRBs, which are 
similar - to human ethics committees, consider the ethics of research. Not 
much was done until the early 1970s, when these infractions were 
brought forth during the Kennedy hearings. Three basic principles of 
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ethics were outlined in the Belmont Report in the late 1970s and these 
principles have not changed. 


THE BELMONT REPORT 

The first principle of the Belmont Report is respect for persons, which is 
recognition of personal dignity and the autonomy of individuals to 
choose whether to enter a clinical trial or a research program. The 
regulations contain special protections for persons with diminished 
autonomy such as pregnant women, fetuses, prisoners, children, and 
economically and educationally disadvantaged persons, among others. 

The second principle is beneficence. This speaks to the obligation to 
protect persons from harm by maximizing anticipated benefits and 
minimizing possible risks or harm. When a research protocol is 
conceived, the risk-benefit ratio is carefully assessed. One responsibility 
of the IRB is to determine whether the risk-benefit ratio is favorable to 
the research subjects. 

The third principle is justice: fairness in the distribution of research 
benefits and burdens (distributive justice). This means ensuring that all 
the benefits are not accrued by one class of people and all the burdens are 
not home by one class of people. 

The regulations apply to all research involving human subjects that is 
conducted, funded, or supported in whole or in part by DHHS. Therefore 
the regulations may apply to institutions or individuals, including 
students who participate in research, even if no actual transfer of funds 
occurs. The regulations define exactly what research is. Often 
investigators assume that the research is not covered by the regulations if 
they are not actually interacting with a research subject, but research is 
defined as a systematic investigation designed to develop or contribute to 
generalizable knowledge. That is, even if secondhand data are being 
analyzed, the research comes under the regulations and not under one of 
the exemptions to the regulations if the investigator is privy to 
identifiable information (i.e., a research record number, a medical 
number, or a code name). A human subject is defined as a living 
individual about whom an investigator conducting research obtains data 
through intervention or interaction or obtains private identifiable 
information. 
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DHHS REGULATIONS 


DHHS regulations require that each institution where research involving 
human subjects is conducted provide written assurance of compliance 
with the regulations (called assurances). Major institutions that have a 
history of engaging in DHHS-supported research that involves human 
subjects have what was formerly called a general or blanket assurance 
and is now called a multiple project assurance. These institutions have an 
M number, which must be noted on the face page of every National 
Institutes of Health (NIH) grant application and on continuing 
applications for noncompetitive support. Each assurance sets forth the 
commitment of the institution to follow the basic ethical principles of the 
Belmont Report and to comply with the regulations. 

In 1990 a policy was issued by NIH and then by the Alcohol, Drug 
Abuse, and Mental Health Administration that required grants and 
contracts involving human subjects to include provisions for women and 
minorities so that research findings could be beneficial to all. These 
groups may be excluded only for compelling reasons, not because 
including them is difficult or costly. NIH has refused to fund projects 
with good priority scores that did not include women. 

Because clinical trials may expose women of childbearing potential or 
pregnant women to additional risks, every effort must be made to reduce 
risks as much as possible and to maximize benefits. Over the years, 
women and minorities have demanded greater participation in drug trials; 
one reason for this may be the acquired immunodeficiency syndrome 
trials, where state-of-the-art medication and treatment are available 
through drug trials that may not be available to the general population. 
The Food and Drug Administration (FDA) has expanded access and 
created a parallel track so that people who are not allowed on drug trials 
or do not meet the inclusion criteria are sometimes able to get the drugs 
used in the drug trial. The focus is changing from the protection from 
research risks and the burdens that research entails to the potential 
benefits to be accrued from participating in a study. Conflict exists 
because there is increasing demand for accelerated drug approval 
processes and inclusion of more vulnerable groups in trials. 

Elderly people, children, women, and minorities generally have not 
participated in clinical trials, and there has not been adequate premarket 
testing in these populations. There are conflicting demands on 
investigators and the pharmaceutical industry for the inclusion of women, 
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women of childhearing potential, pregnant women, and minorities in 
clinical research. Often, guidelines for safe conduct of clinical trials are 
being challenged by a population that is much more aware of procedures 
for clinical trials than in the past. 

FDA has reversed its recommendation against including women of 
childbearing potential in early trials, but the need exists to balance the 
exposure of vulnerable groups with their access to new modalities. 


INSTITUTIONAL REVIEW BOARDS 

Part of the DHHS regulations require the establishment of IRBs, which 
are responsible for protecting the rights and wel fare of human subjects. 
The IRBs determine if the selection of subjects is equitable; this does not 
refer to the inclusion or exclusion of women or minorities but rather to 
the fairness and the appropriateness of subject selection. The pivotal role 
of the IRB in the research process is becoming more apparent. 

Most Federal Government agencies that conduct human-subject research 
have now signed on to subpart A of the general regulations called the 
Federal Common Rule, which was published in the Federal Register in 
June 1991. Subpart A of these regulations was altered slightly to 
accommodate other agencies. Subparts B, C, and D have not been signed 
on to, probably because it took 10 years for all the signing agencies to 
agree on subpart A. 

As already noted, there are provisions in the regulations that address the 
need for additional safeguards for vulnerable populations. Subpart B 
addresses pregnant women in research. The IRB must determine whether 
adequate consideration is given to how potential subjects will be selected, 
how the informed consent process will be monitored, and how individual 
consent will be secured, either by approving all accruals or by verifying 
through sampling that approved procedures have been followed. 
Monitoring is required to ensure that the process is carried through. The 
regulations require that the IRB review research at least yearly, depending 
on the degree of risk. The more risky the research, the more often review 
is needed. 

The regulations also state that no award may be issued until the applicant 
has certified to the Office for Protection From Research Risks (OPRR, 
acting for the Secretary of DHHS) that the IRB has determined that the 
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requirements of subpart A and subpart B have been met. No activity may 
be undertaken unless appropriate studies on animals and nonpregnant 
women have been completed, except when the purpose of the activity is 
to meet the health needs of the particular mother or fetus and the risk to 
the fetus is minimal. In all cases, activities should have the least possible 
risk for achieving the objective. Individuals engaged in the research 
activity should have no paid in the decisions of timing, method, or 
procedures used to terminate a pregnancy and should have no part in 
determining the viability of fetuses. 

The regulations describe activities directed toward pregnant women as 
subjects. No pregnant woman may be involved as a subject in an activity 
covered by this subpaid unless the puipose of the activity is to meet the 
health needs of the woman and the fetus will be placed at risk only to the 
minimum extent necessary to meet such needs. The activity permitted 
under this section may be conducted only if the mother and father are 
legally competent and have given their informed consent. The father’s 
informed consent need not be secured if the purpose of the activity is to 
meet the health needs of the mother, if his identity or whereabouts cannot 
reasonably be ascertained, or if he is not reasonably available. 

The activities directed towards fetuses generally come under the same 
type of guidelines. No fetus may be involved as a subject in an activity 
unless the purpose is to meet health needs. 

The regulatory requirements that govern the participation of pregnant 
women in research deserve special attention from IRBs because of 
women’s additional health concerns during pregnancy and because of the 
need to avoid unnecessary risks to fetuses. Minimal risk is defined as the 
probability and magnitude of anticipated harm or discomfort being no 
greater than those ordinarily encountered in daily life. The IRB has to 
carefully weigh exactly what the risks entail. 

Pregnant women may be involved in several categories of research. IRB 
duties differ in each category, but the primary objectives are to assess 
whether the research is directed towards the mother’s health or towards 
the fetus and whether the risk to the woman and fetus (or infant) is 
minimal. 
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CONCLUSION 


To approve research, the IRB must determine that risks to the subjects are 
minimized. This goes back to the underlying ethical principles of the 
Belmont Report: to beneficence (that risks to the subjects are reasonable 
in relation to anticipated benefits), to selection of subjects being 
equitable, and to the informed consent being an educative document that 
is updated when new information becomes available, with subjects 
signing the updates as necessary. The IRBs have a tremendous 
responsibility and authority in reviewing a research protocol. 

Before a research project is stalled, researchers may want to consider 
obtaining a certificate of confidentiality that protects research data from 
subpoena by law enforcement agencies. More and more States are 
forcing this issue in court, and two or three States are trying to undermine 
the certificates of confidentiality. 

OPRR offers a free set of videotapes that explain IRB procedures and 
informed consent and can be ordered directly. In addition, OPRR has just 
issued an IRB guidebook that is available from the Government Printing 
Office. 
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Testing Medications for the 
Treatment of Addiction in 
Pregnancy: One Reviewer’s 
Opinion 

Curtis Wright 


INTRODUCTION 

Society is at an impasse regarding the testing and development of new 
drugs for use during pregnancy. Concern over litigation has resulted in a 
near paralysis of new drug development, even for conditions for which 
lack of effective treatment results in a heavy toll of morbidity and 
mortality for both mother and child. One such area is in the development 
of new therapies for the treatment of the female or pregnant addict. This 
area is of intense interest to the Food and Drug Administration (FDA), 
and while the general problem is too complex for simplistic solutions, 
there are some situations in addiction treatment when the study of 
treatments for the pregnant addict may be appropriate. This chapter 
presents strategies for such studies. 

Reproduction is a risky business for all members of the animal kingdom, 
including clinical researchers and pharmaceutical executives. Despite a 
quarter-century of legislation, regulation, reform, and dialog, individual 
and class-action tort cases are the feared result when any procedure or 
product with a possible adverse reproductive effect is involved in a case 
of poor reproductive outcome. There are surprisingly few such cases, but 
it is not known if this is due to the lack of liability or the rarity of such 
testing. With a baseline risk of birth defects of 1 percent even in low-risk 
pregnancies and a tendency for juries to attribute adverse outcomes to 
drugs taken before or during pregnancy, the fear of an adverse judgment 
is substantial even with drugs that do not have any adverse effect on the 
reproductive process. Since there is a risk of adverse judgments running 
to millions of dollars and the period of liability extends until the children 
are mature, the risk of developing new medications or conducting trials of 
new therapies in pregnant women is often considered prohibitive by 
commercial sponsors and academic institutions. 
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These risks of liability are so much greater than the possible reward that 
pregnant women as a group are at risk of becoming another member of an 
emerging new class of “orphan patients” avoided by researchers, the 
pharmaceutical industry, and institutional review boards (IRBs). It is 
always wise to avoid unneecled medications during pregnancy, and 
routine preclinical animal testing provides at least some warming of the 
rare products that pose a serious teratogenic problem. The testing of 
drugs in pregnancy should always be approached by trying to get enough 
information to allow an individual decision that weighs the potential 
benefits against the risk of injury. 


THE PROBLEM OF THE ADDICTIONS 

The problem of studying drugs in pregnancy is especially troubling in 
addictive disease, a group of conditions where lack of treatment 
guarantees that the mother and the child will be routinely exposed to 
teratogenic embryotoxins as a condition of the disease. Alcoholism, 
tobacco addiction, and cocaine and other drug dependencies are as a class 
the most prevalent disorders associated with preventable adverse repro¬ 
ductive outcomes in this society. Recent associations of intravenous drug 
use with prostitution, tuberculosis, and sexually transmitted diseases 
have added the possibility of human immunodeficiency vims, drug- 
resistant tuberculosis, and even a resurgence of congenital syphilis to the 
risks faced by addicted women and their children. In these patients, not 
only is there an ongoing risk of injury that will be expected to persist 
until treatment is provided, but the available treatment medications pose a 
potential risk of adverse effects on pregnancy, parturition, and the 
postnatal health of the infant. 

The problem thus becomes one of an underlying disease that places both 
mother and child at risk, and therapies that reduce this risk but are 
simultaneously associated with adverse risks to the pregnancy. The 
choice of therapy becomes a choice between the risks of uncontrolled 
addiction and the risks of the therapy. In this setting the likelihood of the 
treatment being effective must be balanced against the risks of the 
treatment and the risks of the addiction. In some cases the choice is 
straightforward (methadone therapy is better than uncontrolled heroin 
use), while in others the relative risks are difficult to weigh (nicotine 
replacement may or may not be better than nondrug therapy in the 
management of the heavily nicotine-dependent pregnant smoker). 
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CASES WHEN STUDIES IN PREGNANCY ARE PROBABLY 
NOT DESIRABLE 


In general, a medication for addiction treatment should not be used by 
pregnant women until reproductive studies in animals and some efficacy 
studies in nonpregnant populations have been completed. Medications 
that show serious teratogenic effects in animals, that are shown to be less 
effective or less well-tolerated than approved alternative treatments, or 
both, should not be used in pregnant populations. Studies in pregnancy 
are probably not warranted in cases when the baseline risk from the 
addiction is low, such as with women smoking less than half a pack a day 
of cigarettes or in certain forms of addiction to prescription medication. 


CASES WHEN CONTROLLED STUDIES IN PREGNANCY MAY 
BE NEEDED 

In cases of serious (risky) addiction when a new treatment is proven 
substantially more effective than the best of the existing therapies and the 
animal reproductive profile shows no adverse reproductive effects, 
controlled studies of the proper dose, duration, and conditions of use of 
the new medication are appropriate, if not mandatory. The focus of these 
studies should be to define how to use the drug safely and effectively in 
pregnancy, not to demonstrate basic efficacy that has already been shown 
in nonpregnant populations. Such studies should address the problem of 
effective use of the new therapy in the face of the known physiological 
changes of pregnancy as appropriate (Food and Drug Administration 
1993). 

AMBIGUOUS CASES 

In cases when a new treatment does not appeal - to be much better than an 
existing treatment or when there are ambiguous animal safety data, 
controlled studies might not be appropriate. In such cases it is likely that 
the drug will be used by women who may become pregnant. In such a 
setting it is probably best to establish a registry of women who become 
pregnant while taking the drug and to monitor the children’s 
development, looking for any evidence of injury not seen in suitable 
control populations. Current long-term studies of the effects of alcohol 
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use, cocaine use, or both have shown this to be an effective technology of 
reasonable sensitivity. 


REGULATORY ACTION 

Pregnant women are a subpopulation of great interest to FDA. Any drug 
that is used by women of childbearing potential will ultimately be used in 
pregnant women, whether such use is intended or not. In conditions 
when the disorder (in this case addiction) puts both the mother and child 
at risk of deformity or death, new treatments that are proven to be clearly 
better than existing treatments should be tested and proved safe in 
pregnancy, provided animal studies are favorable. Design of such studies 
should be left to the investigators and the local IRBs, but the focus of the 
work should be to optimize the treatment for pregnant women and to 
show its safety. It is unclear if any regulatory agency has or should have 
the power to mandate such testing, but sponsors should be strongly 
encouraged to seek investigators and institutions who feel that the 
benefits of the new therapy outweigh the risks. 

In cases when a new treatment is roughly equivalent to existing therapy 
or is somewhat superior but has equivocal safety in animals, there are no 
compelling reasons to test the new treatment in pregnancy, but it is likely 
that some women taking the drug will become pregnant. In such cases 
the establishment of a suitable registry and long-term followup of the 
cohort (with a possible control cohort) is a reasonable way to protect both 
the sponsor and the treating professional while safeguarding the patient, 
the child, and the public health. 
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